invalidate the results; descriptive statis-
tics do not require controls. Fortu-
nately, however, Posavac provides us
with a comparison between MMPI
scores from both patients with pain
and other medical patients. Note that
his factor 1 is a manifest subjective
distress factor, with very high loadings
on depression (D), anxiety (Pt), con-
fused thinking (Sc), and introversion
(Si). This factor is not to be found in
our patients with chronic pain and sug-
gests a striking difference between the
two groups. As further support for dif-
ferences between the patient groups,
we refer Posavac to a paper (5) (of
which Swenson is a coauthor) which
shows clear MMPI differences between
pain patients and other medical pa-
tients. Merskey and Spear (6) review
numerous similar findings.

Wolff objects to our interpretation
of factor 1. We quite agree with him
that this factor is independent of the
pain factor, and pointed this out. We
also emphasized that the average scores
on the scales comprising this factor
were within normal limits; were they
not, they would have suggested an in-
terpretation of a psychoticism factor.
However, the average scores were not
“similar to those of the standardization
healthy norm group.” They are a stan-
dard deviation (on the average) above
the mean, reflecting a distinct (albeit
subclinical) difference from the healthy
norm group. This supports our labeling
and interpreting the cluster of scales

on factor 1 as an “interpersonal aliena-
tion and manipulativeness” factor. In
addition, we described this finding as
supporting clinical descriptions of pain
behavior, rather than vice versa (7).
Finally, Bookstein’s comment that
“factor 1 does not load on any vari-
ables of the pain cluster, so its estima-
tion is useless for the clinical treatment
of pain” represents a common confu-
sion that we were very careful to avoid.
We state that factor 1 has clear impli-
cations for the rehabilitation of patients
with pain, not for treating pain (8).
GRETCHEN TIMMERMANS
Pain Unit, Veterans Administration
Hospital, San Diego, California 92161
RICHARD A. STERNBACH
Department of Psychiatry, University
of California, San Diego, La Jolla
92037, and Pain Unit, Veterans
Administration Hospital, San Diego
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Plutonium-244 Fission Tracks: An Alternative

Explanation for Excess Tracks in Lunar Whitlockites

Recently Hutcheon and Price (1) re-
ported on the presence of 2*4Pu fission
tracks in lunar breccia 14321. The
mineral phase investigated for its fossil
track record was a large shocked
whitlockite crystal; the fission track
excess attributed to the spontaneous
fission of 2#4Pu was of the order of 30
percent. This finding seems to be sup-
ported by the observation that in situ—
produced fission xenon of 2#Pu was
present in the same rock (2). However,
as the 244Pu fission track excess is
rather small, it could be due to sev-
eral factors which have not been con-
sidered by Hutcheon and Price. (i)
Using the spontaneous fission decay
constant 8.46 X 10—17 year—! (3)
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rather than 6.85 X 10-17 year—! (4)
for the calculation of the 238U fission
track contribution within 3.95 x 10°
years would lower the apparent track
excess by about 20 percent. (ii) Lunar
whitlockites are known to be highly
enriched in rare-earth elements (5).
Therefore, because of the high thermal
neutron absorption cross section of
gadolinium, the uranium content of the
whitlockite measured with a given
thermal neutron flux in the reactor
could have been underestimated by
Hutcheon and Price, which in fact
would also lower an apparent track
excess. For instance, the presence of 1
percent gadolinium in a 500-um crystal
would lower the uranium content ap-

parently by about 20 percent. (iii) A
misinterpretation of dislocations as fis-
sion tracks would also explain an ap-
parent track excess. As we have evidence
for the existence of dislocations in
whitlockites of breccia 14321, we will
concentrate our discussion only on this
subject.

One polished section of this rock,
previously studied for the cosmic-ray
track record (6), was surveyed for
whitlockites. By a process of alternate
polishing (in steps of 10 pm) and etch-
ing (for 30 seconds at 22°C in 0.25
percent HNO, solution) ten whitlock-
ites ranging in size between 6 and 30
um were found. The densities of etch
pits determined by optical and scanning
electron microscopy (SEM) on replicas
were found to range between 0.18 X
107 and 34 X 107/cm?. When the etch-
pit densities are low, the alignments of
many pits can be observed. Two crystals
having etch-pit densities of 0.18 X 107
and 16 X 107/cm?, respectively, were
large enough (~ 25 by 15 pm and 30
by 18 um) to be studied in more detail.
After the first etching they were irradi-
ated with 252Cf fission fragments in
order to superimpose on them track
densities of 2 X 107 and 50 X 107/cm2,
respectively. Then the crystals were
etched for 30 seconds (same conditions),
and we observed that their etch-pit den-
sities remained the same as before (Figs.
1 and 2). In other words, the 252Cf fis-
sion tracks were not revealed. In the
crystal with the low etch-pit density the
fission tracks were visible in the SEM
after an etching time of 50 seconds;
however, the heavily corroded crystal
surface made their observation difficult.
In the crystal with the high etch-pit
density the surface was completely de-
stroyed after etching for 50 seconds
and, therefore, fission tracks were not
visible.

In another attempt to verify the na-
ture of the etch pits in the whitlockite
grains of breccia 14321 we erased a
possible fossil fission track record by
maintaining the whitlockite sample at
a temperature of 500°C for 1 hour. At
this temperature fission tracks are
completely erased in chondritic whit-
lockites. In the annealed chip we found
ten more whitlockites (between 5 and
15 pm) by applying the same pro-
cedure as before. In these crystals the
etch-pit densities ranged between 0.4 X
107 and 15 X 107/cm?, that is, in about
the same interval as that found in the
unannealed sample. The crystal with
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the lowest etch-pit density (in fact,
there were only five etch pits) was then
irradiated with 2 X 107/cm? fission
fragments of 252Cf. By etching in steps
of 30 seconds each, the 232Cf fission
tracks became visible after 60 seconds
with the expected track density and
with a length of about 0.5 um. In this
case the fission track pattern was clearly
distinguishable from the earlier pattern
of five etch pits which by this time had
increased in size.

From the above results we arrive at
the following conclusions: (i) The etch-
pit records of the 20 whitlockites stud-
ied in our sample 14321 are most prob-
ably dislocations. (ii) In order to
convert the fission tracks in our whit-
lockites into a form visible in an SEM,
etching times of about 50 seconds (0.25
percent HNO; at 22°C) are required.
However, depending on the density of
dislocations, most whitlockites disinte-
grate prior to the revelation of fission
tracks because the dislocations as
well as other shock features etch much
faster.

Since our whitlockites contain dislo-
cations to various extents, it can be
argued that the shocked whitlockite
studied by Hutcheon and Price (/) pos-
sibly contained dislocations also. Indeed,
these authors etched their crystal for
30 seconds with the same etchant we
used. Then they counted on a replica
only the long “tracks” and rejected
the very short ones as being due to
spallation recoils. It can, therefore, be
argued that what they considered to
be fission tracks might well have been
dislocations, whereas their “spallation
recoil tracks” might have been in part
underetched fission tracks. Thus the
“track excess” attributed to 244Pu fis-
sion is by no means convincing.

The evidence for dislocations in
lunar whitlockites does not appear to
be restricted to breccia 14321. For ex-
ample, Burnett et al. (7) suggested
that, in a whitlockite of breccia 12013,
many of the etch pits were probably dis-
locations owing to their alignment. In
this respect also the so-called “hot
spots” [that is, regions enriched in
etch pits, whereas uranium is homo-
geneously distributed (8)] could be in-
terpreted in terms of dislocations; the
same features are also observable in
shocked chondritic whitlockites. The
same interpretation might also hold for
the 2#Pu track record in whitlockites
from Apollo 15 KREEP (potassium,
rare-earth elements, and phosphorus)

7 MARCH 1975

Fig. 1. Scanning electron microscope pic-
tures of a plastic replica of a whitlockite
crystal from breccia 14321. The sample
was etched for 30 seconds in 0.25 percent
HNO; at 22°C; this treatment revealed
an etch-pit density of 1.6 x 10°%cm®

basalt fragments suggested by Haines
et al. (9). This interpretation is sup-
ported by the fact that the whitlockites
studied came from lunar soils that are
known to be frequently shocked to
various extents. In addition, Haines
et al. (9) etched their crystals for 10
seconds only with 0.1 percent HNOj,
an etching condition that would hardly
seem likely to develop fission tracks
but which might reveal dislocations.
The presence of in situ—produced fis-
sion xenon from 2#¢Pu in breccia 14321
(2) seems to suggest the presence of
244Py fission tracks in whitlockites from
this rock. However, as shown above,
they might not be observable in shocked
whitlockites as the crystals disintegrate

Fig. 2. Plastic replica of the same whit-
lockite as in Fig. 1, but after irradiation
with 5 X 10%cm?® ®°Cf fission fragments
and additional etching for 30 seconds
(same conditions). The etched figures in-
creased in size but their number remained
virtually the same; *°Cf fission tracks
were not revealed by this treatment.

prior to track revelation. On the other
hand, in chondritic whitlockites 244Pu
is up to two times more enriched than
238U if compared to the bulk (10).
Since plutonium exhibits the chemistry
of the rare-earth elements rather than
that of uranium, the enrichment factor
should be even higher in lunar whit-
lockites. Therefore, provided fission
tracks could be revealed in whitlockites
of breccia 14321 (in unshocked crys-
tals, for instance) and, provided fis-
sion track fading is negligible at lunar
temperature within 3.95 X 109 years,
then the expected fission track excess
due to 244Pu should be much higher
than indicated from the 2¢*Pu fission
xenon found in 14321 bulk samples
(2) and, of course, much higher than
the rather small “track excess” found
by Hutcheon and Price (/). In short,
as long as fission tracks in lunar whit-
lockites are not positively identified
and dislocations [as well as spallation
recoils (8)] are rigorously ruled out,
claims for 24¢Pu effects cannot be
advanced.
PAuL PELLAS

DIETER STORZER
Equipe de Recherche n°80 du Centre
National de la Recherche Scientifique,
Laboratoire de Minéralogie,
Muséum National d’Histoire Naturelle,
75005 Paris, France
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Pellas and Storzer find that in
shocked whitlockites the density of

etchable dislocations is so high that.

they cannot study fossil tracks. They
then discount our evidence for 24¢Pu
fission tracks in a whitlockite from
lunar breccia 14321 on the grounds
that most of our etch pits may have
been due to dislocations.

In many lunar rocks we commonly
observe whitlockites so badly shocked
that they do not etch properly. In con-
trast to Pellas and Storzer, we have
chosen not to focus attention on the
difficulties of determining fission track
ages in shocked crystals but to search
for unshocked crystals. In breccias as
complex as 14321, and in many rocks
from Apollo 16 and Apollo 17 boul-
ders, there is a large variability of
shock effects, and with patience one
can usually locate a few large, un-
shocked crystals in a large volume of
sample. In our study of breccia 14321
we were very fortunate to find a large
(300 by 500 um) whitlockite which,
although partially fractured into several
otherwise unaltered smaller pieces, was
not strongly shocked. It was on this
crystal that we made the measurements
of 244Pu fission tracks (I). Nowhere
in that report did we refer to the crys-
tal as shocked, in spite of the contrary
statement in the second sentence of the
comment by Pellas and Storzer.

We now discuss the evidence that
etch pits in unshocked whitlockites,
and their replicas, really correspond to
fossil tracks and not to dislocations,
as suggested by Pellas and Storzer.
[Our concern about the distinction be-
tween etched fission tracks and etched
dislocations and other defects goes back
a decade (2).] In rock samples 14321
and 72255 we have observed variations
in the track density within whitlockites
and apatites which mirror variations in
the induced fission track density in
adjacent Lexan maps. The density of
the etch pits in these grains thus varies
with the uranium content, as it should
if the etch pits correspond not to dis-
locations but to fission tracks. Our
studies of the distributions of etch pit
diameters and of track lengths in whit-
lockites from four lunar rocks reveal
a distinctly bimodal character. We can
attribute the large pits (long tracks)
primarily to fission with a small con-
tribution from iron-group cosmic rays,
whereas the small pits (short tracks)
are almost certainly due to spallation
recoils. The density of the small pits
is proportional to the cosmic-ray ex-
posure age of the parent rock and semi-

864

quantitatively agrees with the produc-
tion rate of about one track per square
centimeter per year determined by
Crozaz et al. (3). It is not plausible
that etched dislocations would have a
bimodal length distribution or that the
density of “underetched fission tracks”
(that is, dislocations; see Pellas and
Storzer) should correlate with the cos-
mic-ray exposure age of the whitlockite.
In an igneous clast that had accumu-
lated a high density of iron-group cos-
mic-ray tracks in the lunar soil before
it was incorporated into breccia 14301,
we measured about the same track den-
sity in a whitlockite grain and in an
adjacent feldspar grain. The cosmic-ray
tracks in the whitlockite became visible
after a 70-second etch in 0.1 percent
HNO;, claims of Pellas and Storzer to
the contrary not withstanding.

The strongest evidence that our in-
terpretation of the etch pits as 244Pu
fission tracks was correct is the inde-
pendent confirmation by isotopic rare
gas analysis. Marti et al. (4) analyzed
xenon isotopes in their sample of rock
14321 and attributed excesses of heavy
xenon isotopes to the fission of 244Pu,
Their inferred initial Pu/U ratio of
0.02 is in good agreement with the
value 0.017 from our track analysis.
Recently Braddy et al. (5) have derived
a fission track age of ~ 3.94 X 10°
years for rock 72255, based on our
analysis of 24Pu and 238U fission
tracks. Reynolds and his co-workers
(6) have since determined a 39Ar-40Ar
age of 4.00 = 0.03 X 109 years for the
same rock. In these two whitlockites
from different rocks, the ratio of the
fission track density to the uranium
concentration is virtually the same,
even though the uranium concentra-
tions differ by a factor of about 4.

We conclude that meaningful fission
track ages can be determined in un-

shocked whitlockites without interfer-

ence from dislocations.

I. D. HutcHEON, P. B, PRICE
Departinent of Physics, University of
California, Berkeley 94720
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AAAS NEWS
(Continued from page 826)

“Aging and the Quality of Life,” “In-
formation Technology and Individual
Privacy,” and “Can Arms Control Suc-
ceed?” In all, NPR broadcast 12 hours
of programming from the meeting.

Indubitably, the subject that pleased
NPR the most, being a perfect mar-
riage of content and media, was Pro-
fessor Thomas Stockham’s presentation
on his work in recovering and simulat-
ing the voice of Enrico Caruso.

AAAS Board Urges
Continuation of ERTS

On 23 January, the AAAS Board
of Directors issued a statement urging
the continuation of the Earth Resources
Technology Satellite (ERTS) Program
at least through the launch and opera-
tion of a third satellite. The statement
pointed out that “A promising but
exotic technology such as ERTS re-
quires a number of years of experimen-
tation and refinement to define the
range of opportunities, stimulate utiliza-
tion mechanisms, perfect the technolo-
gy, . . . [and] provide a base for future
operational systems funded appropri-
ately by private and public sources.”

The ERTS satellites are essentially
orbiting platforms which are equipped
to observe and map the resources
and topography of Earth. The first
satellite, ERTS 1—recently renamed
LANDSAT 1—was launched in July
1972 and has returned more than
100,000 images to Earth. LANDSAT 2
was launched January 22 of this year.
A third LANDSAT is in the planning
stages. At the time of the Board’s
statement the funding of the third
LANDSAT and further ERTS efforts
was in question.

The statement, sent to Chairman
Moss of the Senate Space Sciences
and Aeronautics Committee and Chair-
man Teague of the House Committee
on Science and Technology by AAAS
President Margaret Mead, points out
that this program “could lay the foun-
dation for an informational tool and
utilization system of unparalleled value
to the entire world,” but that “further
innovations and technical advances are
required” especially the improved use
of the ERTS “information in earth
resource decisions, management, and
policy.” For further information or a
copy of the Board statement, contact
Dr. Richard Scribner, AAAS.
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