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Durie and Salmon (1) describe the 
technique of impregnation of photograph- 
ic emulsion with liquid scintillator which 
allows rapid autoradiographic labeling. 
In attempting to use this method, we 
found that freezing the impregnated 
slides without special conditions led to 
the formation of large ice crystals and 
irregularities in the frozen scintillator. 
They appeared even when the dioxane 
did not contain either 2,5-diphenyl- 
oxazole or 1,4-bis-2-(4-methyl-5-phenyl- 
oxazolyl)-benzene. It could be seen 
clearly with the ultraviolet lamp (UVSL- 
58, Product Inc., San Gabriel, California). 

Crystalline pictures of the scintillator 
luminescence show that molecules of the 
fluorescent substance are distributed 
nonhomogeneously over the biological 
sample. Hence, distorted distribution of 
silver grains in developed emulsion lay- 
ers seems to be inevitable. A crystalline 
structure can also be seen under light 
microscopy. In order to circumvent 
these difficulties, we attempted to obtain 
uniform coating of the slides with the 
scintillator by quick deep freezing. The 
slides were dipped in horizontal position 
into the precooled isopentane so that the 
surface of the slide containing the biologi- 
cal sample and the impregnated emulsion 
remained free. Isopentane was cooled by 
liquid nitrogen. Rapid deep freezing of 
the scintillator can be obtained also by 
spraying the substance on the previously 
frozen slides, as above. 

Examination with an ultraviolet lamp 
and light microscope of the slices frozen 
by described techniques shows that crys- 
tals are not formed and fluorescent mole- 
cules are distributed in a homogeneous 
way. 

We think that the suggested system of 
rapid freezing can contribute to more 
correct readings of autoradiograms pre- 
pared by the high-speed scintillation auto- 
radiography technique. 
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Tel Aviv University, Tel Aviv, Israel 
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maximally enhance grain formation. In 
the original development of the high- 
speed scintillation autoradiographic 
method, moderately rapid freezing (in a 
deep freezer) to -85?C was used. In our 
laboratory minimal crystal formation re- 
sulted from this cooling procedure. How- 
ever, cooling to much lower temper- 
atures resulted in serious crystal forma- 
tion and a cracking of the photographic 
emulsion. Increasing the concentration 
of 2,5-diphenyloxazole (PPO) in the scin- 
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Anders and co-workers (1, 2) suggest 
in situ decay of a volatile superheavy 
element 115 (or 114, 113) to explain the 
enrichment of heavy Xe isotopes in min- 
eral fractions of the Allende meteorite. 
We will show (i) that the scenario de- 
scribed by Anders et al. (2) cannot ac- 
count for their experimental results, (ii) 
that these new data provide additional 
evidence in support of our earlier sugges- 
tion (3) that the isotopically anomalous 
Xe in Allende and other carbonaceous 
chondrites was produced prior to incor- 
poration into meteorite minerals, (iii) 
that the elemental and isotopic ratios of 
noble gases in these meteorite minerals 
contain an important record of the nucle- 
ar processes that produced our chemical 
elements, and (iv) that this record of 
element synthesis offers a possible expla- 
nation for the solar neutrino puzzle (4). 

In 1957 Burbidge et al. (5) presented a 
detailed theory of the synthesis of ele- 
ments in stars. They showed that fusion 
and other nuclear reactions that are ex- 

pected at different stages of stellar evolu- 
tion could have produced the present 
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tillator clearly accentuated crystal forma- 
tion. An unfortunate error in the original 
report on scintillation autoradiography 
listed the concentration of PPO as 35 g, 
which is a very high concentration and 
does cause significant crystal formation. 
With the correct concentration of 5 g of 
PPO we did not find crystal formation to 
be a significant problem. 

BRIAN G. M. DURIE 

Section of Hematology and Oncology, 
University Health Sciences Center, 
Tucson, Arizona 85724 
19 November 1976 
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elemental and isotopic abundance pat- 
terns of all the chemical elements from 
the lightest element, hydrogen. Accord- 
ing to their theory, the heavy and light 
isotopes of Xe were synthesized in super- 
nova envelopes by rapid neutron capture 
and proton capture or (y, n) reactions (r- 
and p-processes), respectively. Before 
reaching the supernova stage, nuclear 
evolution would have consumed light ele- 
ments from central regions of the star, 
but the envelopes would remain relative- 
ly rich in hydrogen and other light ele- 
ments. These light elements participate 
in the rapid nuclear reactions which syn- 
thesize the light and heavy Xe isotopes 
at the time of the supernova, H is con- 
sumed by the p-process, and neutrons 
for the r-process are generated by reac- 
tions of 4He on 13C and 21Ne (5). Re- 
cently there have been several more de- 
tailed discussions of yields of the r- and 
p-processes for all stable Xe isotopes (6). 

In 1972 we noted (3) that carbo- 
naceous chondrites contained an isotopi- 
cally distinct component of Xe which 
was enriched in the light and heavy iso- 
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Table 1. Elemental and isotopic ratios of noble gases in acid-treated mineral fractions of the 
Allende meteorite (1). 

Elemental ratios Isotopic ratios 
Sam- 

le iZ"Xe 124YXe/ / SV Kr/ 8 0Kr/ ple 4He 22Ne 36Ar 82Kr 132Xe 2Xe/ 132Xe 8Kr 8Kr 
132Xe 132Xe 82Kr 82Kr 

3C1 6,230 3.79 122 0.254 =1.00 0.00471 0.338 1.54 0.197 
3CS1 7,010 4.08 122 0.241 -1.00 0.00474 0.338 1.54 0.198 
3CS3 11,200 6.91 106 0.225 =1.00 0.00492 0.354 1.56 0.197 
3C3 13,900 8.42 112 0.238 1.00 0.00491 0.354 1.56 0.196 
3C2 40,100 26.4 92.6 0.176 -1.00 0.00586 0.461 1.68 0.197 
3CS2 47,400* 29.1* 92.2 0.169 -1.00 0.00616 0.477 1.70 0.197t 
3CS4 83,300 48.0 93.4 0.131 -1.00 0.00727 0.583 1.91 0.190t 

*Gases were extracted from 3CS2 by stepwise heating; the He and Ne released at 700? and 1600?C were 
excluded from the summation for reasons given by Lewis et al. (I). tExperimental uncertainties are 

?+ 9 percent in these ratios because of corrections for hydrocarbon background at mass 80. 
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topes. We concluded that the anomalous 
Xe could not be produced by nuclear or 
fractionation processes within the mete- 
orites and suggested that the Xe com- 
ponent might represent material from a 
nearby supernova. Lewis et al. (1) sug- 
gest that we were too hasty in concluding 
that excess light and heavy Xe isotopes 
were mixed before trapping in meteorite 
minerals, and Anders et al. (2) suggest 
that an "isotopic fractionation by an un- 
known mechanism took place during 
trapping that enriched the light isotopes 
of Xe and the heavy isotopes of the other 
four gases." 

The elemental and isotopic ratios of 
noble gases in mineral fractions of the 
Allende meteorite are presented in Table 
1 so that the reader can judge the merits 
of alternate interpretations in explaining 
the experimental observations. We sug- 
gest that mass fractionation cannot ac- 
count for the enrichment of light Xe iso- 
topes and heavy Kr isotopes because (i) 
the data show an excellent correlation 
between excess light Xe isotopes and 
excess heavy Kr isotopes, which is con- 
trary to the definition of mass fractiona- 
tion; (ii) the 80Kr/82Kr ratios do not vary 
inversely with the 86Kr/82Kr ratios as ex- 
pected from fractionation; and (iii) the 
4He/22Ne ratios are essentially constant 
in all Allende mineral fractions, in sharp 
contrast to the large changes expected in 
the 4He/22Ne ratios if the minerals had 
sampled a single, well-homogenized mix- 
ture of noble gases and fractionation had 
acted to alter either the 124Xe/132Xe ratios 
by -50 percent or the 86Kr/82Kr ratios by 
-25 percent. 

We regard the data in Table 1 as addi- 
tional evidence that the anomalous Xe 
component was produced in supernova 
envelopes prior to incorporation into me- 
teorite minerals because (i) the r-pro- 
cess is expected to produce excess 
heavy Xe isotopes and excess heavy Kr 
isotopes, but not 80Kr or S2Kr (because of 
shielding by 80Se and 82Se) in supernova 
envelopes (5); (ii) the p-process is ex- 
pected to produce excess light Xe iso- 
topes and excess 78Kr [hydrocarbon con- 
tamination at mass 78 prohibits any con- 
clusions about the latter from the analy- 
ses by Lewis et al. (1)] in supernova 
envelopes (5); (iii) relatively high abun- 
dances of He and Ne are expected in 
minerals which trapped noble gases from 
supernova envelopes; (iv) the experimen- 
tal results in Table 1 show a linear corre- 
lation between excess heavy Xe iso- 
topes, excess light Xe isotopes, excess 
heavy Kr isotopes, and He and Ne, as 
expected if some Allende minerals sam- 
pled noble gases from the supernova en- 
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velopes; and (v) the anticorrelation be- 
tween the abundances of the two lightest 
noble gases, He and Ne, and the three 
heavy noble gases, Ar, Kr, and Xe, is 
expected if other Allende minerals sam- 
pled noble gases from a region depleted 
in He and Ne (and products of the r- and 
p-processes)-that is, from central re- 
gions of the supernova. 

The elemental and isotopic ratios of 
noble gases shown in Table 1 provide a 
very important clue to the location of the 
supernova. A recent study (7) showed 
that Xe implanted in lunar soils from the 
solar wind contains the anomalous Xe 
component from supernova envelopes 
and concluded that the supernova must 
have exploded in the immediate vicinity 
of the solar system. A plot of 4He/132Xe 
against 22Ne/'32Xe from Table 1 yields a 
straight line, which passes through the 
point (0,0) in the manner expected if 
Allende minerals sampled two very dif- 
ferent reservoirs of noble gases, one 
being rich in He and Ne (4He/ 
22Ne -1650) and the other containing 
Ar, Kr, and Xe but no He or Ne. It 
should be stressed that fractionation can- 
not account for the paucity of He and Ne 
in the latter since there is no evidence for 
fractionation of the He/Ne ratios or for a 
selective depletion of Ar or Kr from Xe 
in these minerals. We regard the occur- 
rence of minerals containing Ar, Kr, and 
Xe, without He, Ne, or any clear in- 
dication of fractionation, as evidence 
that these minerals sampled noble gases 
from the central regions of the supernova 
and conclude that the early solar system 
contained materials with isotopic and ele- 
mental inhomogeneities expected in a 
supernova. These observations suggest 
that the entire solar system may have 
condensed primarily from a single, local 
supernova. 

According to Burbidge et al. (5) the 
iron-group metals are produced in the 
supernova core by the equilibrium (e) 
process. We regard the iron cores of the 
inner planets, the iron meteorites, and 
the core of the sun as likely condensation 
products from the supernova core. 
Hoyle (8) has suggested that initially low 
He concentrations and high concentra- 
tions of the iron-group metals might ex- 
plain the low flux of solar neutrinos (4), 
and Clayton et al. (9) have suggested a 
central black hole inside the sun to ex- 
plain the solar neutrino puzzle. Either of 
these suggestions could be understood as 
remanence of the local supernova core. 

More quantitative details of the noble 
gas record of element synthesis and its 
implications for the isotopic anomalies of 
other elements may be found in (7, 10, 

11). These were summarized in our pre- 
sentation at the 1976 annual meeting of 
the American Geophysical Union, but 
our work on this subject was apparently 
overlooked in a subsequent Research 
News article (12). 

0. K. MANUEL 
Chemistry Department, 
University of Missouri, 
Rolla 65401 

D. D. SABU 
Chemistry Department, 
Grambling State University, 
Grambling, Louisiana 71245 
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Manuel and Sabu (1) have misunder- 
stood our noble gas data (2) upon which 
they build their hypothesis. Our samples 
are mixtures of two distinct phases, chro- 
mite/carbon and Q [presumably an 
Fe,Ni,Cr-sulfide, insoluble in HC1-HF, 
but soluble in HNO3 (3, 4)]. Each phase 
has its own characteristic noble gas com- 
ponent. Phase Q contains small (but not 
zero) amounts of He and Ne and large 
amounts of isotopically normal (essen- 
tially solar) Ar, Kr, and Xe, whereas 
chromite/carbon contains more He and 
Ne but less Ar, Kr, and Xe, all of anoma- 
lous isotopic composition. The correla- 
tions stressed by Manuel and Sabu are a 
trivial consequence of the fact that all 
our samples are mixtures of these two 
phases. 

A crucial question is whether the 
above minerals and their gas com- 
ponents are local products from the solar 
nebula or exotic imports from a super- 
nova. Manuel and Sabu have repeatedly 
(1, 5) stated their preference for a super- 
nova, without giving heed to the evi- 
dence against such an origin (2, 3), which 
has been further strengthened by recent 
work (6-8). The latest form of their hy- 
pothesis, which derives the bulk of the 
sun and planets from a supernova rem- 
nant, is too extreme to merit discussion. 
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Instead, we shall recapitulate the argu- 
ments against a less extreme form of this 
hypothesis, which derives only the gas- 
bearing minerals from a supernova. 
There are three kinds of evidence against 
such a supernova origin: isotopic, chem- 
ical, and astrophysical. 

Isotopic evidence. If the noble gases, 
with isotopic anomalies of up to 90 per- 
cent, came from a supernova, then their 
host minerals should be similarly anoma- 
lous. They are not. The lead in Q is 
isotopically identical to primordial solar- 
system lead to within 2 percent (9); 590Os/ 
."4Os in chromite is identical to that in 
terrestrial Os to within 0.7 percent (7); 
and carbon has a 12C/13C ratio within 1 
percent of the mean terrestrial value (6, 
10). 

Chemical evidence. Thermodynamic 
and kinetic considerations show (3, 6) 
that chromite and Q must have formed at 
low temperatures (- 500?K) and high 
pressures (on the order of 10-5 atm), the 
very opposite of conditions prevailing in 
a supernova envelope. 

Astrophysical evidence. Because of 
their higher Coulomb barriers, heavier 
elements require higher temperatures for 
thermonuclear reactions, and are con- 
sequently synthesized at greater depths 
in an exploding supernova [see for ex- 
ample, figure 14 of (11)]. Thus the main 
constituents of the host minerals (6C, 
24Cr, 26Fe, and 28Ni) originate at greatly 
different depths, as do the five noble 
gases (2He to 54Xe) and the proton and 
neutron capture processes that are to 
change their isotopic compositions. Yet 
chromite and carbon, whose constitu- 
ents form farthest apart in this picture, 
contain noble gases of identical isotopic 
composition, identical elemental compo- 
sition, and identical concentration (6), 
whereas chromite and Q, which are 
made of the same elements Fe and Cr, 
contain very different noble-gas com- 
ponents (2, 6, 12). 

All these difficulties, as well as the law 
of parsimony, point to the solar nebula 
as a more plausible locale. The lack of 
isotopic anomalies in the host minerals is 
no longer a fault but a virtue, and so are 
the low temperatures and high pressures 
implied by the mineralogy. 

As for the elemental ratios of noble 
gases cited by Manuel and Sabu, there is 
no need to invoke nuclear processes be- 
cause chemical processes will do. When 
noble gases are trapped in a growing 
crystal, their proportions vary with the 
trapping temperature as well as the na- 
ture of the crystal. It has been shown 
experimentally (13) that the three heavy 
gases have much larger negative heats of 
solution than do the two light gases, and 
so ratios such as 4He/132Xe or 22Ne/532Xe 
rise by some 3 orders of magnitude be- 
tween 400? and 700?K [see figure 9 of (2) 
and figure 5 of (13)]. Manuel and Sabu 
ignore this evidence and assume that the 
trapping process is completely non- 
selective, so that each gas component 
requires a separate "reservoir" of the 
same composition. The experimental 
facts clearly contradict their assumption. 

Whether trapping of gases in solids 
can also account for isotopic trends, 
such as the enrichment in light Xe iso- 
topes, remains an open question, as we 
have freely admitted (2, 3, 6, 7, 12). 
Cosmochemistry has lived with this prob- 
lem for 15 years, and most workers, 
including Manuel himself (14), have as- 
sumed without proof that some sort of 
mass fractionation process was respon- 
sible for the observed trends. Qualita- 
tively, our new data are no different from 
the previous ones, and since virtually no 
experimental or theoretical work has 
been done on this subject, the cate- 
gorical statement that "mass fractiona- 
tion cannot account for the enrichment 
of light Xe isotopes" (1) is somewhat 
premature. Indeed, the two brief studies 
available, of Xe in UO2 (15) and BaSO4 
(16), do in fact show such enrichments. 
Nor is it necessary that all five gases 
show fractionations of the same sign. As 
early as 1961, Lewis (15) pointed out that 
trapping might involve separate stages of 
adsorption and surface migration to 
traps. Because the first step would en- 
rich the heavy isotopes and the second 
step the light isotopes, the net effect 
would depend on the relative activation 
energies, and could therefore change 
sign somewhere between He and Xe. 

Lastly, the extinct superheavy ele- 
ment. Our 1975 articles presented further 

evidence for the hypothesis (17) that the 
excess heavy isotopes of Xe and Kr (in- 
cidentally, Manuel and Sabu misrepre- 
sent our views on the latter) most likely 
were produced by decay of an extinct 
superheavy element. One year and four 
experimental papers later (4, 6, 7, 12), 
we still regard this hypothesis as the best 
available, although we shall continue to 
refrain from any discovery claims until 
the remaining uncertainties (2, 6) have 
been resolved to our satisfaction. A de- 
tailed discussion of the current state of 
the problem, in the light of our latest 
results, is given in (6, 12) and will not be 
repeated here. We believe that further 
progress in this area will come only from 
new experiments. 

RoY S. LEWIS 
B. SRINIVASAN 

EDWARD ANDERS 
Enrico Fermi Institute, 
University of Chicago, 
Chicago, Illinois 60637 
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