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news and views 
Formation of planetary atmospheres 
from Robert Hutchinson 

THE inner planets are usually con
sidered as having formed by the 
accretion of solids at least part of 
which could release a volatile fraction 
when heated. Outgassing from hot 
interiors would then have led to the 
formation of atmospheres. To under
stand the development and evolution 
of a planet's atmosphere therefore, 
the bulk chemical composition of the 
primitive material from which the 
body was built must be established. 
This is not an easy task; the bulk 
composition of the best known 
planet, Earth, is stiH disputed today. 

During the past 10 years, cosmo
chemists, largely led by Anders' 
group at Chicago, have found that 
many meteorites are composed of 
fractions each representing stability 
at a particular temperature/pressure 
condition. Heterogeneity in meteor
ites led to the idea of heterogeneous 
accretion of planets (Harris & Tozer 
Nature 215, 1449; 1967; Turekian & 
Clark Earth planet. Sci. Lett. 6, 346; 
1969). 

Essentially, the Earth is thought to 
have formed by growth of a small 
body composed of refractory Fe-Ni 
metal and/or Ca-Al-Ti-rich oxides 
and silicates. As it grew, lower tem
perature Mg-Fe silicates were added 
until, lastly, accretion ceased with the 
addition of a hydrated, low tempera
ture veneer. Heating of the veneer 
released water for our oceans and 
gases for our primitive atmosphere. 
Like many theories in planetary 
science, heterogeneous accretion is 
not without its critics. And the 

largely qualitative treatments of the 
1960s are now being quantified. 

It is against this background that 
the paper by Rasool and Le Sergeant 
in this issue of Nature should be 
viewed (page 822). The Viking 
landers obtained an estimate of the 
chemical composition of the martian 
atmosphere, so there is now reliable 
information on the atmospheres of 
two inner planets which must be 
accommodated in any model of 
atmospheric development. Using the 
simplest treatment, Rasool and Le 
Sergeant assume the terrestrial and 
martian atmospheres to be essentially 
closed systems. They begin by look
ing at the better known Earth and 
attempting to find a suitable source 
material for the volatiles. Carbon
and water-rich carbonaceous chon
drite meteorite is rejected because the 
Earth's atmosphere has too much 
'

0Ne and other heavier inert gases 
relative to C (and H). Instead, the 
volatile-poor LL group of ordinary 
chondrites is chosen as it gives a 
better match, especially for the inert 
gases. It is argued that a 116-km 
thick veneer of LL group chondrite 
could have been outgassed to produce 
oceans and atmosphere. 

When a similar model is applied 
to Mars it is found that the quantity 
of LL group chondrite required to 
produce the atmospheric 36 Ar content 
would .produce more N, C and H 
than are observed in the atmosphere. 
The amounts of "Kr and "'Xe agree 
with the 36 Ar abundance. Rasool and 
Le Sergeant go on to argue that if 

Redox potentials of iron-sulphur clusters 
from A. J. Thomson 

THE non-haem iron proteins consisting 
of clusters of iron and sulphur are known 
to be involved in a wide range of bio
logical processes from steroid hydroxy
lation and C02 and N 2 fixation to oxi
dative phosphorylation and photo
synthesis. They have been isolated from 
obligate anaerobic bacteria, aerobic 
bacteria, algae, plants and all animals 
so far investigated. Their single most 
important function is the catalysis 
of oxidation/reduction reactions and 

the transport of electrons to reaction 
centres. 

For this reason the range of redox 
potentials exhibited by the Fe-S clusters 
is of great interest. It is now emerging 
that proteins containing a common 
structural Fe-S centre can have widely 
differing redox potentials. For example 
the high potential iron protein (HIPIP) 
from Chromatium vinosum and the 
bacterial ferredoxin from Peptococcus 
aerogenes are close structural relatives. 

the N, C and H are not in the 
atmosphere, they may ·be in the 
regolith or on the martian surface; 
for example, H may be present as 
polar water ice up to 40-m thick. 
Near surface volatiles could be tem
porarily released to form an atmos
phere of C02 and H~O with surface 
pressure of 400 mbar. 

Finally, the high •• Ar content of 
the martian atmosphere is considered 
in the light of the low upper limit 
(0.25 %) for K in the martian surface 
{'°K is the ·radioactive parent of 
•• Ar). Because the martian surface is 
apparently not as enriched in K as 
is terrestrial continental crust (but 
compare oceanic tholeitic basalt, with 
less than 0.1 % K) Rasool and Le 
Sergeant argue that •• Ar on Mars has 
come from a greater thickness of 
material than the other volatiles. It 
is also implied that K has not been 
concentrated upwards on Mars due 
to lack of complete melting in this 
planet. 

It is likely t·hat Rasool and Le 
Sergeant's .paper will ,prove to be 
controversial. A probable line of 
attack is that terrestrial 0 isotopic 
ratios define a chemical fractionation 
line enriched ·in '•o relative to LL 
group (and other) ordinary chondrites 
(Clayton et a/. Earth planet. Sci. 
Lett. 30, 10; 1976). This argues 
against an LL group origin for ter
restrial volatiles, but for the fore
seeable future, martian 0 isotopic 
ratios will remain unknown. 0 

The former contains a single cubane-type 
four-iron sulphur cluster [FeS 4-(S...Cys),] 
whereas the latter possesses a pair of 
these units. However, functionally they 
are very different. HIPIP in the oxidised 
form gives an EPR signal which is 
abolished on reduction, and the mid-point 
potential of this process is +340 mV. By 
comparison the bacterial ferredoxin ex
hibits a one-electron reduction also but to 
give an EPR signal in the reduced state 
only and with a mid-point potential 
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