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It is still impossible to decide, on the basis of observational facts, whether the atmosphere of 
Venus is oxydizing, or reducing. Also, cosmochemical considerations do not lead to a conclusive 
answer to this important question. The atmosphere of Venus appears to be much more dense than 
that of the earth. For several reasons, it seems possible that the main constituent of this dense 
atmosphere is neon. 

Enormous efforts have been made over the past 
years to solve the problems presented by our twin 
planet, Venus. Not much, however, has been added 
to the few relatively certain facts that we knowr 

about her. Size and mass of Venus are only slightly 
smaller than those of the earth; she has a thick 
atmosphere, much richer in carbon dioxide than our 
own, and a slow period of rotation, possibly syn-
chronous to her orbital period around the sun. The 
main new findings are that the surface temperature 
seems to be much higher than previously expected. 
It is now estimated to be in excess of 700 °K 1. The 
temperature of the dark side seems closely the same 
as that of the day side of the planet2. Radar ob-
servations indicate a retrograde period of about 
240 days3 . Unexpected results were obtained by 
M U R R E Y , WILDEY, and WESTPHAL 4 who found, by 
using the 200-inch Mount Palomar telescope, that 
the temperatures above the cloud layer are lower in 
the areas of the poles than in the plane of the eclip-
tic. These results could be easily interpreted with 
the assumption of a more rapid rotation than that 
indicated by radar observations, but are difficult to 
understand if a slow period is assumed. 

A strong microwave emission of the planet has 
been observed by ground stations, as well as by the 
Mariner space probe, and a number of models for 
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the emisison of this radiation and for a correspond-
ing structure of the atmosphere have been suggest-
ed 5. The most plausible of these models appears, 
at present, to be the so-called greenhouse model that 
assumes thermal emission from a hot ground level 6. 
Other possibilities for an explanation of the micro-
wave emission, however, such as one caused by elec-
tric dust storms7, or by photochemically induced 
chemical reactions8, cannot yet be ruled out with 
certainty. 

The developments of the last years have produced 
enough additional information to furnish a basis for 
valid assumptions concerning temperatures, atmo-
spheric pressures, and periods of rotation, but no 
progress has been made regarding the chemical com-
position of the atmosphere and the nature of the 
cloud cover of the planet. At first sight it may seem 
surprising that a planet, in many ways similar to the 
earth, should have an entirely different atmosphere. 
One can show, however, that the final composition 
of the atmosphere of an inner planet depends on 
many parameters in a very sensitive way9 , so that 
small changes in the conditions under which the 
planet formed may have had very pronounced ef-
fects upon the chemistry of its atmosphere, which 
represents only a very small fraction of the order 
of 10~6 parts of its total mass. 
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The early protoplanets, from which the planets 
formed, were presumably rich in hydrogen and 
helium. Earth and Venus are objects too small to 
retain these two light gases. Moreover, it can be 
shown that the main mass of these gases must have 
become separated from the non-volatile material be-
fore the planet had accumulated 10. We have to as-
sume that, in the case of the Earth, separation of the 
gases from the solids was nearly quantitative at a 
very early time, presumably long before the planet 
had obtained its final size. The present terrestrial 
atmosphere consists mainly of exhalation products 
— water, and some nitrogen — derived from the in-
terior of the primitive earth. Photolysis of water and 
loss of hydrogen led to the formation of free oxy-
gen n . Carbon dioxide, produced by oxidation of 
carbon, hydrocarbons, and other carbon-containing 
compounds, reacted with silicates to give free Si0 2 

and carbonates 12, leaving only a small fraction in 
the atmosphere. 

For the case of Venus, one might immediately 
expect a much higher rate of photolysis and of loss 
of hydrogen from the planet as a consequence of 
the higher temperature. This should have led to the 
formation of large amounts of free oxygen. It seems 
reasonable to assume that the amount of water con-
tained in the silicates forming the planet was smaller 
than in the case of the earth. Still, with only one per 
cent of the water present on the surface of the young 
Venus, as compared to that of the present earth, a 
partial pressure of four atmospheres of free oxy-
gen, or twenty times the amount now in the terres-
trial atmosphere, should have formed if all the water 
vapor was photolyzed during geologic time. It seems, 
however, equally reasonable to assume that during 
the formation of Venus, decomposition of hydro-
carbons may have led to the incorporation of larger 
amounts of elementary carbon into the surface rocks 
of Venus than into those of the earth 9. Much, or all, 
of the oxygen formed by photolysis of water may 
have been consumed by this carbon, and the large 
amounts of C0 2 in the atmosphere of Venus may 
thus be explained. 

10 G. KUIPER, The Atmosphere of the Earth and the Planets, 
University of Chicago Press 1952, p. 324. 
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The Russian astronomers, P R O K O F J E V and P E -

T R O V A 13, report the observations of relatively strong 
lines in the spectrum of Venus that can be inter-
preted as 0 2 lines displaced by D O P P L E R shift due 
to the relative motion of earth and Venus. Other 
workers question such an interpretation 14. The pre-
sence of H 2 0 would make it appear probable that 
oxygen is present. So far, only upper limits for the 
amounts of water vapor have been given, equal to 
approximately one-tenth the amount in the terrestrial 
atmosphere4 '15. No evidence exists for a reducing 
atmosphere. Carbon monoxide should be easily ob-
servable if amounts of this gas were present cor-
responding to thermodynamic equilibrium with C0 2 

and carbon at temperatures above 700° . No indica-
tion for this has been found. 

As there is presently no way to decide between a 
reducing or an oxydizing atmosphere, it is also not 
possible to answer the question of the chemical na-
ture of the clouds that cover Venus. A reducing at-
mosphere, combined with a surface temperature in 
excess of 700 °K, will almost certainly produce 
thick clouds of sulphur vapor, and also more 
tenuous clouds of carbon disulphide, and many 
other sulphur-containing compounds. Also, C 2 0 3 

has been suggested as a possible source for clouds 
in a reducing atmosphere 16. The presence of water, 
hydrocarbons, and other hydrogen-containing com-
pounds can be excluded with certainty, because 
under reducing conditions such compounds react at 
700 °K to give an equilibrium partial pressure of 
hydrogen which rapidly leaves a planet of the size 
of the earth or Venus. 

If one assumes the existence of an oxydizing at-
mosphere, then the presence of the clouds is even 
more difficult to interpret. If water were still pre-
sent, the clouds could certainly be water, continu-
ously supplied from the interior. Many inorganic 
compounds are volatile at temperatures of 700 °K, 
in particular, halogenids, which should cover the 
surface of a dry planet in large amounts. Oxides of 
metals, such as Zn, Cd, and others, also show an 
appreciable vapor pressure at this temperature. 
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Detailed investigations of the conditions under 
which a greenhouse effect would produce tempera-
tures in excess of 700 °K, show that besides C 0 2 , 
large amounts of an inert gas have to be present, 
in addition to compounds that absorb in the infra-
red. The main difficulty presented by the extreme 
greenhouse model, however, is not the necessity of 
an atmosphere sufficiently opaque in the infrared, 
but of an atmosphere that is, at the same time, suf-
ficiently transparent in the visible, in spite of the 
presence of vapors of many volatiles, as well as 
dust. The opacity in the visible puts an upper limit 
on the total pressure of the atmosphere that can 
contribute to greenhouse heating of the planetary 
surface. 

Furthermore, the question of the origin of large 
amounts of an inert gas, usually taken to be nitro-
gen. remains to be investigated. It will be shown in 
the following that it is more probable that neon is 
the main constituent of a dense atmosphere of 
Venus, rather than nitrogen. 

The cosmic abundance of neon was first determin-
ed in a quantitative way by UNSOLD 17, by spectral 
analysis of the B-Star, r-Scorpii. UNSOLD gave a 
neon abundance slightly higher than that of oxygen. 
Later on, TRAVING 18 revised this figure and estimat-
ed the neon abundance to be about 0.4 times that 
of oxygen. This value was adopted by SUESS and 
UREY 19 in their tables. From neon determinations 
of several more hot B-stars that show Ne-lines, 
ALLER 20 now estimated the most probable value of 
the neon abundance to be about 0.9 times that of 
oxygen. Such an abundance value for neon agrees 
approximately with the amounts of neon in gas-rich 
meteorites 21 which, in most cases, show a He4/Ne20 

ratio of about 320. It is possible that this ratio was 
somewhat changed by diffusive loss from the me-
teorites, but detailed consideration of the relative 
amounts of the rare gases and their isotopes in gas-
rich meteorites, show that a primoridal He/Ne ratio 
of more than 800 is highly improbable 22. We, there-
fore, have to conclude that neon was a very abun-

17 A. UNSOLD, Z . Astrophys. 2 1 , 1 , 2 2 [ 1 9 4 1 ] ; 2 1 , 2 2 9 [ 1 9 4 2 ] ; 
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dant gas in the primordial solar nebula from which 
the planets formed. 

In the case of the earth, the fraction of rare gases 
originally associated with its matter, and now pre-
sent in its atmosphere, ranges from 1 0 - 1 1 for neon 
to 10~7 for the heavy gases, krypton and xenon2 3 . 
The amount of neon present represents an upper 
limit for the fraction of solar matter retained by the 
primitive earth, because some or all of this amount 
could have been originally retained by solids and 
could have been added to the atmosphere through 
degassing of the earth. 

An interesting recent article by CAMERON 23 sug-
gests that the fraction of the primordial solar nebula 
retained by Venus wras much greater than that re-
tained by the earth. CAMERON suspects that the rea-
son for this difference is connected with the fact 
that the earth has a moon and Venus has none. In 
a way, CAMERON revives an early idea of the writer 24 

that the essentially complete loss of the atmosphere 
of the earth was caused by rapid rotation during 
the latter stages of the formation of the planet. This 
rotation led to the spinning-off of the atmosphere 
and of material that formed the moon. CAMERON 
considers the possibility of a connection with a cata-
strophic formation of the core of the earth, accord-
ing to ELSASSER'S eccentric theory25. He suggests 
that the same catastrophic event was also responsible 
for the loss of the primordial atmosphere and for 
the formation of the moon. 

Independently from the validity of such conside-
rations, the idea appears very attractive that Venus 
has retained a much larger fraction of the primitive 
solar nebula than the less than 1 0 - 1 1 parts retained 
by the earth. 

Table 1 shows the composition of a planetary 
atmosphere derived entirely from solar material 
after loss of hydrogen and helium. The values are 
based on the most recent determinations of element 
abundances as given by ALLER 26. Because of the un-
certainties in our knowledge of these values, about 
a factor of two in most cases, it is impossible to pre-

22 Ii. E. SUESS, H. WÄNKE, and F. WLOTZKA, Geochim. Cosmo-
chim. Acta, in press. 
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28 L. ALLER, private communication. 



Element 
logio N 
(abun-
dance 
units) 

atoms per 
atom Si 

Relative number 
of gas molecules 
after loss of H 

and He 

H 10.50 30,000 — — 

He 9.76 4.700 — — 

C 7.00 10 C 0 2 10 
N 6,50 3 N 2 1.5 
0 7.45 30 Oo 0 . . . 2 
Xe 7.40 5 . . . 25 Ne 5 . . . 25 
A 3 6 5.18 0.15 A 0.15 
Si and 
Metals 6.5 3 — — 

S 5.6 0.4 S 0 2 0.4 

Table 1. Composition of solar matter according to A L L E R 2 0 

and composition of gas phase after loss of hydrogen and 
helium. 

diet whether or not free oxygen will form in such a 
medium, because the main fraction of oxygen will 
combine with carbon to form C 0 2 , and about 25% 
of it will form oxides of silicon, of sulphur, and of 
metals. The relative amount of carbon dioxide listed 
in the table should be considered an upper limit, 
because of the possibility of reactions with the sur-
face rocks that consume C0 2 as well as S0 2 . The 

amount of neon in such an atmosphere will be be-
tween 3 and 15 times that of N 2 , if the N2 obtained 
by degassing of the planet can be neglected. 

It appears quite probable that the Cytherean at-
mosphere contains more than 50%, and possibly as 
much as 85%, of neon. Clearly, a large content of 
a mono-atomic noble gas considerably changes the 
scale-height, adiabatic lapse rate, and other para-
meters used in providing a consistent model atmo-
sphere for Venus. Also, a dry, neon-rich atmosphere 
may well provide unexpected possibilities for non-
thermal microwave emission. Re-evaluation of the 
observational facts, from the point of view of a pos-
sibly high neon content, may well lead to consider-
ably different results than those considered accepta-
ble at present. It might even be premature to ex-
clude every possibility of finding an atmosphere on 
Venus that is, at some level of its profile, breathable 
by humans. 
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