
cay (as in remembering a sequence of 
numbers), the second curve reflecting 
perhaps the actual process of "consoli- 
dation" of the memory trace for longer- 
term storage and retrieval. Parentheti- 
cally, we have also found the appre- 
hension levels of the animals (subjec- 
tively rated on a blind basis during 
the first 15 seconds before crossing the 

hurdle) to directly correlate with laten- 
cies for hurdle-crossing-for example, 
to be lowest approximately 5 minutes 
after the foot-shock stimulus. 

From this framework it was of in- 
terest to determine the effects of strych- 
nine and pentylenetetrazol on the bi- 

phasic response curve-that is, whether 
the agents accelerated the presumed 
"consolidation" process. Administra- 
tion of strychnine (0.2 mg/kg) or pen- 
tylenetetrazol (3 mg/kg) 30 minutes be- 
fore the first trial produced no change 
in the hurdle-crossing latency of ani- 
mals not receiving a foot shock (Fig. 
I). In animals receiving a foot shock, 
however, pretreatment with pentylene- 
tetrazol completely prevented "memo- 
ry" decay of the first phase and sig- 
nificantly increased the response laten- 
cies for all intervals of testing. Strych- 
nine, in three separate studies with 
similar results (integrated in Fig. 1), 
produced comparable effects of lower 
magnitude. With both drugs, facilita- 
tion of one-trial learning appeared 
greater when administration preceded 
rather than followed the learning ex- 
perience. 

The dosage of pentylenetetrazol that 
facilitated one-trial learning in the 
mouse approximated 1/100th to 1/ 
200th of the convulsant dose; thus fa- 
cilitation cannot be readily ascribed to 
the mechanisms underlying its con- 
vulsant action. However, since other 
convulsants such as strychnine and pic- 
rotoxin also facilitate one-trial learning, 
such mechanisms cannot be ruled out 

entirely. Eccles et al. (7) have shown 
that the three agents differ significantly 
in their neurophysiologic modes of ac- 
tion: strychnine blocks postsynaptic 
inhibitory pathways, picrotoxin blocks 
presynaptic inhibition, and pentylene- 
tetrazol blocks neither presynaptic nor 

postsynaptic inhibition. The excitatory 
effect of pentylenetetrazol on the nerv- 
ous system seems rather to result 
from decrease in neuronal recovery 
time (8), without reference to inhibi- 
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celeration of neuronal and synaptic 

102 

tory pathways; effects of small doses 
on behavior may derive from this ac- 
celeration of neuronal and synaptic 

102 

transmission throughout the nervous 

system, as well as from possible spe- 
cific regional effects on the brain that 
remain unknown. 
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Organic Matter in Carbonaceous Chondrites Organic Matter in Carbonaceous Chondrites 

In a recent article, Studier, Hayatsu, 
and Anders (1) report mass spectro- 
metric analyses of volatile compounds 
from the Orgueil meteorite and inter- 

pret the results as due to the estab- 
lishment of chemical equilibrium in 
the solar nebula. In a subsequent re- 
view article, the impression was given 
that this was a very definitive piece 
of work (2). We should therefore like 
to express our criticisms. 

1) The analytical data are very ap- 
proximate and are compared to theo- 
retical data which are based on an im- 

probable postulate. Mass spectrometric 
data on a complex mixture of car- 
bonaceous compounds lead to an ex- 

ceedingly complex spectrum of mo- 
lecular fragments, and it is very dif- 
ficult to sort out the possible com- 

pounds present. This was true when 

Nagy et al. (3) previously reported simi- 
lar mass spectrometric analyses, and, 
in fact, the analytical data were severely 
criticized on these grounds by Anders 

(4). Studier et al. attempted in no way 
to present the original data and gave 
only their final results, expressing them 

only in very qualitative terms. The data 
as presented could hardly be expected 
to establish a quantitative agreement 
with any theory for the formation of 
these compounds. No attempt has been 
made to justify even the qualitative 
character of these analyses. Some of the 
criticisms that Anders directed against 
the previous work must be applicable 
to the work of Studier et al., as well as 
any other similar mass spectrometric 
work on this material. 

The qualitative analyses for some 16 
compounds consisting only of positive 
and negative signs are compared with 
the corresponding calculated concentra- 

In a recent article, Studier, Hayatsu, 
and Anders (1) report mass spectro- 
metric analyses of volatile compounds 
from the Orgueil meteorite and inter- 

pret the results as due to the estab- 
lishment of chemical equilibrium in 
the solar nebula. In a subsequent re- 
view article, the impression was given 
that this was a very definitive piece 
of work (2). We should therefore like 
to express our criticisms. 

1) The analytical data are very ap- 
proximate and are compared to theo- 
retical data which are based on an im- 

probable postulate. Mass spectrometric 
data on a complex mixture of car- 
bonaceous compounds lead to an ex- 

ceedingly complex spectrum of mo- 
lecular fragments, and it is very dif- 
ficult to sort out the possible com- 

pounds present. This was true when 

Nagy et al. (3) previously reported simi- 
lar mass spectrometric analyses, and, 
in fact, the analytical data were severely 
criticized on these grounds by Anders 

(4). Studier et al. attempted in no way 
to present the original data and gave 
only their final results, expressing them 

only in very qualitative terms. The data 
as presented could hardly be expected 
to establish a quantitative agreement 
with any theory for the formation of 
these compounds. No attempt has been 
made to justify even the qualitative 
character of these analyses. Some of the 
criticisms that Anders directed against 
the previous work must be applicable 
to the work of Studier et al., as well as 
any other similar mass spectrometric 
work on this material. 

The qualitative analyses for some 16 
compounds consisting only of positive 
and negative signs are compared with 
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tions of Dayhoff, Lippincott, and Eck 
(5), which vary by a f'actor of 10; 
for those reported as present in the 
meteorites. Moreover, their equilibrium 
calculations were made on the assump- 
tion that graphite did not appear. This 
is an ad hoc assumption which we 
regard as doubtful. It seems improbable 
that chemical reactions producing very 
complex molecules such as benzene, 
naphthalene, anthracene, xylene, and 
others, could take place in spite of 
the fact that, under the postulated con- 
ditions, graphite is exceedingly stable 
thermodynamically (see Table 1). It is 
true that carbonaceous compounds per- 
sist on the earth through long periods 
of time, and possibly at 500?K, with- 
out graphite having appeared, but these 

compounds were not made by equilib- 
rium processes but by the very non- 

equilibrium processes of living organ- 
isms. We object to the hypothesis of 
an equilibrium origin of the com- 
pounds in the absence of graphite. It 
would appear that very qualitative 
analytical data have been compared to 
a theory in which an arbitrary assump- 
tion, that is, the absence of graphite, 
is made. 

2) The physical conditions and the 
composition of materials assumed by 
Studier et al. are improbable and dif- 
ficult or impossible to attain in the 
solar nebula. They assume that a con- 
dition existed in the nebula with a high 
total pressure and a temperature of 
about 500?K, the constituents of the 
atmosphere being principally hydrogen, 
carbonaceous compounds, oxygen com- 
pounds, and nitrogen compounds, mak- 
ing a total pressure of one atmosphere, 
with hydrogen depleted very markedly 
from all estimates of solar abundances. 
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The relative atomic abundances of 
H: C: in the sun are estimated to 
be 3000:1:3. Studier et al. postulate 
a mixture of 3:3:4. It is quite evi- 
dent that if a mixture of H: C of 
1 : 1 were used and no elemental car- 
bon formed, only compounds of the 
composition (CH),,, that is, C2H2, 

C6H6, and so forth, could be expected 
to be abundant. The addition of oxy- 
gen would complicate the problem but 
a suitable choice of temperature, pres- 
sure, and the ratio of H: C: O 
should make it possible to secure some 
proportion of aromatic compounds. 
But how was the solar ratio of these 
compounds modified to the ratio chos- 
en? It is very difficult to understand 
how the hydrogen was driven out of 
the solar nebula to leave the other 
gaseous constituents behind, and also 
very difficult to understand how such 
high densities of the residual gas could 
exist anywhere in the solar nebula. The 
undepleted atmosphere which gave rise 
to this mixture must have been at a 
pressure exceeding 1 kb, if only H2 
is depleted. If other elements are as- 
sumed to have escaped, the required 
initial pressures are higher. These are 
very real difficulties (6). 

Urey's (7) postulated solar nebula as- 
sumed about 2 X 10-6 g/cm" as the 
maximum density in the median plane 
of the solar nebula at one astronomical 
unit from the sun, and smaller densities 
at greater distances. The mass of the 
nebula was calculated to be approxi- 
mately one-third of a solar mass. Of 
course, other assumptions can be made, 
but an increased density by even a 
factor of 1000, together with the re- 
moval of hydrogen gas from the nebula, 
would still leave a very low density 
in any solar nebula. It seems im- 
possible to believe that any solar nebu- 
la could consist of material of the 
high density postulated by Studier et 
al. 

It would seem that such densities 
could only be acquired on planetary 
bodies, and since the escape velocity 
of Ceres, the largest of the asteroids, 
is only 0.6 km/sec, it is quite obvious 
that gases of the density postulated 
could not exist on the surface of an 
object of this size. 

Again, if hydrogen were depleted 
and pressures were tow and the 
H:C:O ratio were 3:3:4, carbon 
would be present as carbon monoxide, 
predominantly, and carbon monoxide 
and hydrogen react in the presence 
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of catalysts to give hydrocarbons. But 
how was the ratio established? 

3) Studier et al. discard the idea that 
the processes that produced the car- 
bon compounds in these meteorites 
occurred on the surface of a planetary 
body. We, on the other hand, believe 
that a planetary body of some con- 
siderable mass, that is, lunar or larger, 
is the most probable place of origin. 
Here carbon, nitrogen, and water 
could have been separated from the 
hydrogen gas, and temperatures and 

pressures could have assumed moderate 
values. Also, solar radiation could 
have been available for the promotion 
of these sluggish reactions of carbon 

compounds. It will be interesting to ob- 
serve what kinds of material come back 
with the Apollo mission from the 
moon. 

Studier et al. also suppose that their 
compounds originating in the nebula 
accumulated on the earth and served 
as the basic material from which life 
evolved. The percentages of carbona- 
ceous compounds and of water in the 
Orgueil meteorite are very much larger 
than they are in the earth as a whole. 
Hence the proportion of the carbona- 
ceous meteoritic materials captured by 
the earth and presumably produced in 
the nebula must have been a very small 
fraction of the total. But how could 
this happen in an enormous nebula? 
What differentiated some small frac- 
tion of the total nebula? It was pro- 
posed many years ago by Aston that 
the greater loss of rare gases from 
the earth, than of carbon and oxygen, 
occurred because of the formation of 
relatively nonvolatile compounds of 
carbon and oxygen within the solid 
materials of the earth. We suspect that 
the carbonaceous chondrites are inci- 
dental material from the surface of a 
planetary object and thus constitute 
only a small fraction of the total ma- 
terial, that a nebula with the postulated 
properties is improbable, and hence that 
Aston's hypothesis is relevant. 

4) In discussing the difficult problem 
of the carbonaceous materials in the 
carbonaceous chondrites, most of us 
are assuming that a possible important 
source for the compounds that appear 
to be of biological origin is contamina- 
tion by microorganisms after the ar- 
rival of these objects on the earth, 
and this is certainly a very important 
point that must always be considered. 
In our opinion, the conclusions as to 
whether these compounds in meteorites, 

which appear to be of biological ori- 

gin, are preterrestrial or not is not 
definitely decided as yet, though it is 
a natural reaction on the part of all 
scientists, including ourselves, to ques- 
tion seriously whether they are not of 
terrestrial origin. But, of course, one 
also may expect that the compounds 
studied by Studier et al. may have been 
produced by biological organisms af- 
ter the object arrived at the earth. Com- 
pounds of the kind discussed are simi- 
lar to those found in petroleum, coal, 
or carbonaceous materials in sedi- 
ments, which, of course, are residues 
and decomposition products of biologi- 
cal origin. We may expect that the 
benzene and other compounds investi- 
gated by Studier et al. were perhaps 
produced by contaminating terrestrial 

Table 1. Calculations of concentrations in 
moles per mole of total carbon for point C 
in report of Dayhoff et al. (5), including 
graphite.$' Hydrogen, 30 atoms per hundred; 
carbon, 30 atoms per hundred; oxygen, 40 
atoms per hundred; 500?K; - 1 atmosphere, 
total of HCNO compounds. 

Moles per mole of total carbon 

Based on 
Based on pressures 

Compound pressures recalculated 
reported by with graphite 

Dayhoff et al. activity = 1 
(no graphite) (?/2 of C is 

graphite) 

H2 1.3 X 10-4 3.80 X 10-3 
(0.86 X 10-4)* 

0 < 10-38 2.5 X 10-'2 

N, 0.50 0.50 

H,0O 7.9 X 10-5 .463 

CH4 0.24 .0388 

CO. .66 .455 

CO 5.3 X 10-3 2.73 X 10-5 

NH, 1.1 X 10-7 5.37 X 10-5 
(1.4 X 10-7)* 

C,2H 2.3 X 10-5 1.69 X 10-s 

C,H, 5.7 X 10-9 5.62 X 10-14 

HCN 1.4 X 10-10 6.59 X 10-14 

(1.7 X 10-10)* 

C,;H. 6.6 X 10-4 3.9 X 10-5 

C(,,HCH, not reported 1.1 X 10-98 

mC,,H,(CH3)2 9.4 X 10-8 6.7 X 10-3I 

Cl,Hs 1.4 X 10-4 -1 X10-1t 

Cl,H,o 2.9 X 10-5 -1 Xl0-a7 
* By correspondence with Dayhoff we have 
learned that their calculations contain small er- 
rors due to incorrect standard free energies of 
the elements hydrogen and nitrogen. Concentra- 
tions recalculated with corrected standard-state 
free energies for hydrogen and nitrogen are given 
in parentheses. These values were in error by 
0.38 kcal per mole. The computed concentrations 
for all other compounds are unaffected. Our com- 
puted concentrations, when graphite is precipi- 
tated (column 3), are very close to point A of 
Dayhoff et al., just below the "graphite line." 
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organisms with about the same cer- 
tainty that we can assume that optically 
active compounds, porphyrins, hydro- 
carbons, and so forth, that have been 
investigated by other scientific workers 
looking for evidence of biological ma- 
terials, were produced by such organ- 
is lms. 

5) Studier et al. point out that pos- 
sibly the compounds produced in the 
nebula by the process which they dis- 
cussed are indeed the materials which 
led to the evolution of life, rather 
than compounds produced on the sur- 
face of the earth by the action of physi- 
cal processes, which owe their origin 
directly or indirectly to solar radiation. 
It is very likely that any carbonaceous 
material available from any source 
whatsoever may have contributed to 
the evolution of living things, but it is 
a strange hypothesis that an organism 
evolved on material produced by pseu- 
do-equilibrium processes in the solar 
nebula and then, after a living organ- 
ism had evolved, it derived its free 
energy for its metabolic processes from 
the sun during all the subsequent eons 
of time. It would seem to us more 
likely that living organisms have used 
the sun as their source of free energy 
both during the period of evolution 
and the subsequent history of the earth. 

In order to secure nitrogen com- 
pounds suitable for the evolution of 
living organisms on earth, some non- 
equilibrium process is needed, as Day- 
hoff et al. noted. It is thus natural to 
argue that some energetic process ca- 
pable of producing nitrogen com- 
pounds was available, and this same 
process would probably produce hydro- 
carbons of great variety. These would 
also be unstable with respect to graphite 
and hydrogen, but would persist, none- 
theless, at terrestrial or lower tempera- 
tures for long periods of time, as they 
have in terrestrial petroleum and coal 
deposits. These unstable compounds 
would supply an energetic mixture suit- 
ed to the evolution of life. In this 
way, life probably did evolve on the 
surface of the earth. 

We also have searched for equilib- 
rium processes to account for these 
compounds and have been unable to 
postulate any reasonable source of this 
kind. Again we note that both the in- 
organic and organic compounds in the 
Orgueil meteorite are similar to those 
which, aside from the sorting effects 
produced by running water and the 
absence of amino acids, may be ex- 
pected to have been present on the 
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primitive earth, that biological organ- 
isms are very ubiquitous on the earth, 
and that contamination by these organ- 
isms must be guarded against in all 
investigations. We believe that the car- 
bon compounds detected by Studier et 
al. and other investigators could have 
been produced only by high-energy ra- 
diations, or, in some instances, by liv- 
ing organisms of either terrestrial or 

possibly extraterrestrial origin. 
H. C. UREY 

JOHN S. LEWIS, JR. 

University of California, San Diego 
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Studier, Hayatsu and Anders (1), 
analyzing the organic matter in samples 
of the Orgueil, Cold Bokkeveld, and 
Murray meteorites, interpreted their re- 
sults in terms of a very interesting 
hypothesis regarding the formation of 
organic compounds under equilibrium 
conditions (2) in a "solar nebula." 
While we do not wish here to take 
issue with this thesis, we would like 
to record some observations on the ex- 
perimental data presented in its sup- 
port. 

1) Studier et al. report the first 
identification of sulfonic acid esters, 
and note that "a definite identification 
was made from the infrared spectrum" 
-which, unfortunately, was not fur- 
ther specified. A few peaks from the 
mass spectra of these "sulfonates" are 
given, namely, 'il/e 355, 281, and 207, 
without showing, however, how ions 
of such nominal mass could be formed 
from methyl esters of sulfonic acids. 
This omission is somewhat disturbing, 
particularly since Beynon (3) and Bie- 
mann (4) have listed and interpreted the 
peaks mentioned above as those char- 
acteristic of the mass spectra of silicon 
oil compounds, common sources of 
contamination. Also, one should note 
that the strong infrared absorption 
bands for alkyl sulfonic acid esters 
and silicon compounds occur in similar 
regions of the spectrum such that a 
positive identification by infrared spec- 

troscopy might be difficult; of course, 
an infrared spectrum only then consti- 
tutes definite proof for a given com- 

pound after it has been demonstrated 
the sample is indeed pure and uncon- 
taminated by other species which may 
give rise to analogous intense absorp- 
tion bands. 

2) Studier et al. list a series of com- 
pounds, assigning very definite molecu- 
lar compositions and structures to them. 
It might be questioned whether a time- 
of-flight mass spectrum on a complex 
mixture permits such a definite identifi- 
cation of molecular species since, in 
fact, an elemental composition cannot 
be determined for a single nominal 
mass peak with a low-resolution instru- 
ment, but must be deduced from the 
fragmentation patterns of the substances 
in question. Several compounds listed 
in Table I of their article (1) display 
very similar fragmentation patterns, and 
the assurance with which these com- 
pounds are identified and distinguished 
from each other in a mixture seems 
quite remarkable. Too great a reliance 
on the low-resolution mass spectral 
data of mixtures may lead to ambigui- 
ties, as suggested above, and thus cast 
doubt on the correctness of the identifi- 
cation of the remaining substances list- 
ed. These questions could probably be 

satisfactorily resolved by the presenta- 
tion of more extensive data and analysis 
of fragmentation patterns in terms of 
the compounds thought to be present. 
Such a presentation might also shed 
some light on the "prominent unidenti- 
fied peaks" in the spectra of the three 
meteorites, the mention of which seems 
of somewhat dubious value, particularly 
since the reader is not told what the 
prominent identified peaks were. In the 
absence of further data, one might as- 
sign the "prominent peaks" at n/e 58 
and 72, for instance, to molecular ions, 
for the corresponding C4 and C, al- 
kanes; whereas, m/e 69, 71, 95, 97, 
and 113, to name a few, might simply 
be unsaturated or saturated alkyl frag- 
ments. 

3) D. P. Stevenson and P. A. Wads- 
worth (Shell Development Company, 
Emeryville, California) have kindly in- 
formed us that they have found chlori- 
nated hydrocarbons in a sample of the 
Felix meteorite, one of which, poly- 
chloronaphthalene, could be identi- 
fied by high-resolution mass spectrom- 
etry as a material known to be a syn- 
thetic component of wax extenders 
used in the 1930's. Information of this 
sort, when coupled with the ambiguous 
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identification noted under our point 1, 
above, and the lack of original data 
in the paper by Studier et al. tend to 
foster skepticism and uncertainty in the 
reader, such that a very careful scrutiny 
of the reported results would be desir- 
able in order to eliminate the possibili- 
ty that some of the compounds found 
might represent similar contaminants. 

4) The results of Studier et al. seem 
to be at variance with several recent 
reports (for example, those of Oro, 
Nagy et al., and Hoering, 5) on the 
identification of saturated aliphatic hy- 
drocarbons in meteorites. Studier et al. 
report the finding of "only subordinate 
amounts" of saturated alkanes (tenta- 
tively identified in the Orgueil and 
Cold Bokkeveld; not found in the Mur- 

ray-see 1, Table 2), except for meth- 
ane, and such lack of agreement can 
only give rise to the question as to 
the completeness of the analysis pre- 
sented. In this connection, it may be 
instructive to outline results obtained 
by the Shell group (6) from the 
analyses of two different specimens of 
the Murray meteorite (1.2 g from the 
Harvard Collection via Brookhaven; 
0.2 g from M. Calvin, University of 
California, Berkeley). The larger sample 
was extracted with hexane to yield sev- 
eral parts per million of saturated hy- 
drocarbons in the C10 to C30 range. 
Portions (20 mg per trial) of the 
smaller specimen were examined by di- 
rect introduction to the source of a 
high-resolution mass spectrometer 
(C.E.C. 21-110 employing photo- 
graphic plate recording), taking 5 to 
10 high-resolution mass spectrograms 
as the sample was heated to 250?C. 
Only elemental sulfur (S,,), carbon di- 
sulfide, sulfur dioxide, benzene, toluene, 
methyl mercaptan, and a series of 
olefins of low molecular weight (C,-) 
were detected. Analogous results were 
obtained upon direct introduction of 
samples of the Precambrian Kalgoor- 
lie Slate. It would appear, therefore, 
that arguments and conclusions based 
on the results obtained by a particular 
technique for the case of a single 
meteorite specimen assume an unten- 
able position in the light of apparent- 
ly conflicting data from other speci- 
mens and techniques. The argument 
that Green River Shale samples were 
run as checks on the technique and, 
since aliphatic hydrocarbons were iden- 
tified in these, their presence would 
have been noted also in the meteorite 
samples, is somewhat less than con- 

vincing, since the Green River Shale 
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contains such an abundance of hydro- 
carbons (1 percent of shale by 
weight) (7) that failure to identify 
them would have been astounding in- 
deed. 

5) Since the hypothesis of Studier, 
Hayatsu, and Anders presupposes that 
the mixture of organics found today is 

representative of the sample produced 
in the solar nebula, it is interesting 
to note that Anders has repeatedly ar- 

gued (8) that the long exposure of or- 

ganic material to radioactivity and ra- 
diation might result in extensive trans- 
formation of the compounds present 
such that the composition found might 
be "several steps removed" from that 
of the original mixture. The results pre- 
sented are now interpreted to indicate 
that radiation damage has occurred to 
a minor extent, although one might in- 
deed wonder whether the authors' 

qualitative data really provide any 
basis for a meaningful estimation of 
the degree of radiation-induced frag- 
mentation. 

Some results reported by Biemann 
and Hayes (9) are also pertinent in this 
connection. These authors, using similar 

experimental techniques (namely, direct 
volatilization and fractionation of or- 

ganic matter into the ion source of a 
high-resolution mass spectrometer), 
have found compounds of considerably 
greater complexity (up to nm/e 250) 
among samples taken from a core of 
the Murray meteorite. Near-surface 

specimens were richer in oxygenated 
compounds than the respective inner 
core cuttings, an indication that sec- 

ondary (possibly terrestrial) chemical 
transformations such as oxygenations 
(dehydrogenation?) may have altered 
the organic composition to a con- 
siderable degree. Anders, in criticiz- 

ing (8) earlier work (of Nagy et al., 
5), has argued that sulfur contained 
in meteorites may cause extensive dehy- 
drogenation upon heating the sample. 
Although we ourselves do not subscribe 
to this view, the "overwhelming pre- 
dominance" of aromatics reported calls 
for a more explicit consideration of 
this question by Studier et al. 

6) Finally, some clarification and 
elaboration upon the claimed "over- 

whelming preponderance of aromatic 
over aliphatic hydrocarbons" in the 
three meteorites would seem desirable, 
since, after close inspection of the re- 
sults of Studier et al. (1, Table 1) this 

preponderance might not be particular- 
ly obvious to the unbiased reader. For 
instance, in the case of the Murray 

sample, the only aromatic compound 
found is benzene, whereas at least 
three non-aromatic substances (meth- 
ane, butene, and "alcohols") are re- 

ported for the same sample (and ac- 
cording to the table in comparable 
abundance). Likewise, the yield of 
aromatic hydrocarbons from the Cold 
Bokkeveld does not appear "overwhelm- 
ing" (benzene, toluene, dimethyl ethyl 
benzene, and dichlorobenzene, in vary- 
ing amounts) when compared with the 
abundance of non-aromatic hydrocar- 
bons and the identification of seven 
homologous aliphatic chlorocarbons, 
leaving, thus, only the sample of the 
Orgueil with a (not very striking) pre- 
dominance of aromatic compounds. 

Indeed, both on the basis of the 
number of different compounds identi- 
fied in the three samples and the rela- 
tive abundances assigned to them in 
the table of Studier et al., one might 
be inclined to argue that non-aromatic 
substances are the preponderant spe- 
cies. For example, a count of the plus 
signs of their Table 1 (denoting abun- 
dance) assigned to the aromatic sub- 
stances versus those given to aliphatic 
molecules (assuming that a plus de- 
notes approximately the same relative 
abundance throughout the table-as 
stated in its heading) would produce 
the intriguing result of 21 plus signs 
for the aromatics versus 27 plus nota- 
tions for the aliphatics (not counting 
the "tentatively" identified alcohols 
and aliphatic and alicyclic hydrocar- 
bons). Applying such a treatment to 
the qualitative abundance ratios listed 
in the table might be considered un- 

justified, but in that case it would be 
of some interest to learn the exact 

experimental data upon which the con- 
clusion of a great predominance of 
aromatic species appears to rest, par- 
ticularly also the manner in which rela- 
tive abundances of given compounds 
were determined from the mass spectra 
of mixtures. 

It is thus apparent that the reported 
data of Studier, Hayatsu, and Anders 
are far too inconclusive and qualita- 
tive to provide meaningful support for 

any hypothesis on the origin of or- 

ganic matter in meteorites. The find- 

ings of Russian workers (10) that the 
non-extractable matter in meteorites 

(the major amount of the total organic 
material) consists of aromatic poly- 
mers supports the view that, in gen- 
eral, aromatic compounds are indeed 
the preponderant species. This fact 

alone, however, does not require for- 
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mation of this material under equilib- 
rium conditions, since terrestrial kero- 
gen (undoubtedly not an endowment 
from a solar nebula) also occurs largely 
as an aromatic polymer and it may, 
of course, have been formed simply 
by the degradation and transformation 
of biological polymers, for example, 
lignin. 

A. L. BURLINGAME 

H. K. SCHNOES 
Department of Chemistry and 
Space Sciences Laboratory, 
University of California, Berkeley 
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3 December 1965 

Our reply will be keyed numerically 
to the points raised by Urey and Lewis 
(U) and Burlingame and Schnoes (B). 

U-1, B-2, B-6) The experimental re- 
sults described in our forthcoming pa- 
per (i) dispose of Urey and Lewis' 
principal criticisms. Complex aromatic 
molecules such as benzene, naphtha- 
lene, and so forth, whose formation 
was considered "improbable," do in 
fact form in a matter of seconds un- 
der the conditions postulated in our 
previous paper (2), even though they 
are metastable with respect to graphite. 
Kinetic inhibition of graphite forma- 
tion, likewise called an improbable as- 
sumption, is now an established experi- 
mental fact. 

We share Urey and Lewis' high re- 
gard for Anders' criticism (3) of the 
mass spectrometric work of Nagy et al. 
(4). However, this criticism does not 
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apply to our work, owing to fundamen- 
tal differences in technique. Nagy et 
al. attempted a quantitative analysis of 
a complex, unfractionated mixture, 
whereas we limited ourselves to a 
qualitative analysis of a simpler mix- 
ture that had been extensively frac- 
tionated. Our samples consisted main- 
ly of light aromatics rather than 
aliphatics; aromatics give simple spec- 
tra with large parent ion peaks, and 
their identification is straightforward. 
By careful fractionation we often ob- 
tained samples consisting of essentially 
pure species. Since the time-of-flight 
instrument permits simultaneous obser- 
vation of the entire mass spectrum, we 
were able to establish from a compari- 
son of fractionally distilled samples 
which peaks were covariant and thus 
belonged to the same species. 

Our critics also reproach us for "not 
present[ing] the original data" and ex- 
pressing our results "only in very quali- 
tative terms." As to the former, we 
have merely followed the example of 
other authors, our critics included (5); 
we know of no journal that would wel- 
come a manuscript accompanied by 
400 Polaroid photographs. Of course, 
we shall gladly furnish details to any 
interested scientist. As to the latter 
criticism, we too believe that what is 
ponderable should be measured. Our 
conclusions hinged primarily on two 
observations: 

(i) Methane was more abundant than 
ethane by a factor of at least 1000; 
alkanes from C . to C- were unde- 
tectable. 

(ii) From C(; on up, aromatics were 
far more abundant than their aliphatic 
counterparts. Burlingame and Schnoes 
asked for a "clarification and elabora- 
tion" of this finding, which we are 
glad to provide herewith. C,; occurs 
as benzene, not hexane; C7 occurs 
as toluene, not heptane; Cs occurs 
as xylene, not octane; and so forth. 
Ergo, preponderance of aromatics. 

The first of these observations is 
quantitative, and is thus exempt from 
Urey and Lewis' criticism. Such ex- 
treme ratios are uniquely characteristic 
of equilibrium in the C-H--O sys- 
tem. Neither we nor our critics have 
been able to come up with a non- 
equilibrium process that favors meth- 
ane over its congeners with such ex- 
treme selectivity, and we thus adopt 
the working hypothesis that some fea- 
tures of the meteorite distribution are 
due to equilibrium. 

The second observation is admittedly 
qualitative, but can nonetheless be in- 
terpreted with little ambiguity, since 
the effect discovered by Dayhoff et at. 
(6) is an exceedingly gross one. For 
each temperature and pressure there 
exists a sharply defined carbon con- 
tent ("asphalt threshold"') above which 
the abundance of aromatics rises by 
factors of 1020 to 1.0:0?, until they be- 
come major constituents of the sys- 
tem. Now, if the high methane/ethane 
ratio is taken to be symptomatic of 
equilibrium, then the very detectability 
of aromatics shows that equilibrium 
was established on the carbon-rich side 
of the asphalt threshold. Even a qualita- 
tive method suffices to distinguish be- 
tween concentrations differing by fac- 
tors of 1020 to 103:M. 

U-2) Nowhere in our paper did we 
suggest anything as untenable as a solar 
nebula at 500?K and 1 atm. The es- 
sential point is that the asphalt region 
discovered by Dayhoff et al. is a per- 
fectly general phenomenon in the entire 
P-T range investigated by her (300? 
to 1000?K, 10-(; to 300 atm), not 
a singularity at 500?K and I atm. 
True, their only illustrative example 
("distribution C") happened to be cal- 
culated for 500?K and 1 atm, but since 
it was typical of the asphalt region 
in general, our reference to this par- 
ticular distribution did not imply that 
the meteorite organics must likewise 
have formed at 500?K and 1 atm. 

That the selective depletion of hydro- 
gen was an embarrassment to our hy- 
pothesis was frankly and explicitly con- 
ceded in our paper. Meanwhile, this 
stumbling block has been removed, as 
the experiments in our forthcoming 
paper show (1). Even in a gas of 
cosmic composition, hydrocarbons and 
other organics form metastably by the 
reaction of CO and H2, catalyzed by 
meteoritic dust. The further evolution 
of this primary distribution into a 
quasi-equilibrium mixture is described 
in our paper (1). Having abandoned 
the troublesome assumption of hydro- 
gen depletion, we see no need to defend 
it against Urey and Lewis' criticism. 

Urey and Lewis note that the pro- 
portion of organic matter in the earth 
must have been smaller than that in 
the carbonaceous chondrites, and ask 
how such differences could have arisen 
"in an enormous nebula." This is hard- 
ly a paradox. The carbon and metal 
content of meteorites varies greatly 
from class to class and so does the 
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density of the planets (7). Comets are 
still richer in carbon. Apparently, ap- 
preciable chemical fractionations oc- 
curred during the accretion of the 
asteroids and planets. Hence there is 
no a priori reason why material from 
the asteroid belt and the earth should 
contain the same amount of organics. 
Modern theories on the origin of the 
solar system and the meteorites show 
in detail how such differences could 
have arisen (8). 

U-4, B-3) Urey and Lewis propose 
. that the benzene and other 

compounds investigated by Studier et 
al. were perhaps produced by con- 
taminating terrestrial organisms .. " 
while Burlingame and Schnoes attribute 
the chlorinated hydrocarbons to terres- 
trial contamination. Having repeatedly 
alerted others to the danger of con- 
tamination, we are not entirely un- 
aware of the problem. Contamination 
may possibly have affected our results 
to some degree, but we believe that 
our technique discriminates more suc- 
cessfully than any other against surfi- 
cial contaminants. The volatiles evolved 
only from freshly ground samples, not 
from unbroken fragments or a powder 
that had been ground 10 years earlier. 
Often they were observed only when 
mineral grains were broken up under 
vacuum after preliminary degassing at 
100?C. Terrestrial contaminants should 
be located mainly at accessible surface 
sites, not in the interior of mineral 
grains. 

These arguments aside, it does not 
seem likely that the volatiles observed 
by us were produced by terrestrial bac- 
teria. We are not aware of terrestrial 
organisms whose metabolic products 
include noble gases, hydrogen, SO2, 
chlorobenzene, sulfonic acid esters, and 
xylene. As for the chlorinated hydro- 
carbons, it is a well-established fact 
that the carbonaceous chondrites con- 
tain indigenous, organically bound chlo- 
rine. It is not clear how this chlorine 
is to be accounted for if the chloro- 
carbons detected by us are dismissed 
as contaminants. Industrial use alone is 
not prima facie evidence of contami- 
nation. By this argument one could ex- 
clude not only all simple organic chlo- 
rine compounds but also meteoritic hy- 
drocarbons, nickel-iron, graphite, dia- 
monds, and so forth. 

It seems to us that contamination 
problems experienced by others may 
have little bearing on our work. 

U-5) We do not recognize as our 
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own the "strange hypothesis" imputed 
to us ". . . that an organism evolved 
[italics ours] on material produced by 
pseudo-equilibrium processes in the so- 
lar nebula and then, after a living or- 
ganism had evolved [sic; italics ours], 
it derived its free energy for its metabol- 
ic processes from the sun during all 
subsequent eons of time." We merely 
suggested that equilibrium processes 
may have contributed a significant part 
of the prebiological organic matter on 
earth, and thus shortened the chemical 
evolution stage, but we never claimed 
that Miller-Urey reactions could be dis- 
pensed with altogether. Several emi- 
nent authors, such as Oparin, Hoyle, 
Calvin, and Lederberg have previously 
suggested that processes other than 
Miller-Urey reactions may have con- 
tributed to the earth's endowment of 
prebiological organic matter. We regret 
that our suggestion should have caused 
offense. 

In the final paragraph of their pa- 
per, Urey and Lewis propose that the 
organic compounds in meteorites de- 
tected by us " . . . could have been 
produced only by high-energy radia- 
tions, or, in some instances, by living 
organisms of either terrestrial or pos- 
sibly extraterrestrial origin." We did, 
of course, consider high-energy radia- 
tion, and rejected it only because of 
its extreme nonselectivity. It accounts 
for neither the high methane-ethane ra- 
tio, nor the absence of propane, bu- 
tane, and pentane, nor the predomi- 
nance of aromatics, nor the high ratio 
of straight-chain to branched alkanes. 
All of the numerous experiments with 
high-energy radiation performed to date 
have yielded precisely the opposite 
trends: light alkanes always accompany 
methane; aliphatics dominate over 
aromatics; complex aromatics such as 
coronene are undetectable; branched 
alkanes vastly outnumber straight-chain 
isomers. If a way is ever found to 
produce the meteoritic distribution of 
organics by high-energy radiation, we 
shall gladly reconsider the situation. 
However, the experiments described in 
our forthcoming paper (1) show that 
the meteorite distribution can be pro- 
duced with extraordinary ease by near- 
equilibrium processes, as predicted in 
our first paper. Perhaps this fact should 
not be disregarded altogether in the 
present debate. 

B-i) It is not likely that we mistook 
silicones for sulfonic acid esters. The 
infrared spectrum of our chromato- 

graphed extract showed a peak at 1365 
cm-1, in a region where sulfonic esters 
but not silicones absorb strongly. The 
mass spectrum differed significantly 
from published silicone spectra, fail- 
ing to show the characteristic isotopic 
pattern of silicon noted by Biemann. To 
settle this question we will gladly 
repeat our experiment on another Or- 
gueil stone. However, the main thesis 
of our paper is in no way dependent 
on the identity of this compound. 

B-2) We can only reiterate our previ- 
ous statement: lighter alkanes other 
than CH4 were undetectable. The un- 
identified peaks at m/e 58 and 72 
were not accompanied by fragment 
peaks of the appropriate mass number 
or intensity and hence were not due to 
butane and pentane. We had no trouble 
recognizing the peaks from 69 to 113 
as alkyl fragments from the several 
families of aliphatics listed as "tenta- 
tively identified" in our Table 1. But 
we are not prepared to offer definite 
identification of individual compounds 
in these families. 

B-4, -5, -6) We do not wish to re- 
ply to Burlingame and Schnoes' re- 
maining criticisms. It is not profitable 
to argue with critics who question one's 
ability to make a simple qualitative 
judgment of one's own data. 

MARTIN H. STUDIER 
Chemistry Division, 
Argonne National Laboratory, 
Argonne, Illinois 
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