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not common in most metamorphic or 
igneous rocks). But the increase in the 
isotope composition of meteoric waters 
with time means that low o"O clays 
(grossly out of equilibrium with modem 
waters) must have formed in ancient and 
cooler weathering regimes. 

The division between fields B and C 
does not require the rejection of the 
independent age constraints, because in 
most cases the only independent con
straint is simply that the weathering is 
older than mid-Tertiary. The division 
among pre-mid Tertiary samples is made 
on isotope grounds because the low o1'0 
clays could not have formed during the 
comparatively warm climate of the late 
Mesozoic and early Tertiary in Australia. 
The isotope composition of the few 
samples of demonstrably pre-late 
Mesozoic age (such as kaolinite from 
regolith profiles beneath the Jurassic 
Wisanger Basalt, + 10.2%o and Jurassic 
Algebuckina Sandstone, + 12.3%o) con
firms the subdivision. 

We are aware of the complexities 
involved in the palaeomagnetic dating of 
iron accumulations and, as indicated in 
our paper, we do not believe that there is 
necessarily a genetic or temporal link 
between the formation of a clay assem
blage and an iron-rich zone in a regolith 
profile. We did not rely heavily on palaeo
magnetically dated profiles for the reasons 
stated by Paton et al. , but in cases such 
as the Momey profile in south-west 
Queensland13

, the palaeomagnetic date 
can be taken as a minimum age for the 
development of the clay mineral 
assemblage. 

With reference to the work of Paton et 
al. on the Cobar region, note that a kaolini
tic sample collected from a roadcut 23 km 
south of Enngonia (which did not have 
any independent age control) yielded a 
o1'0 value of + 18.l%o (post mid
Tertiary), consistent with the conclusions 
of those authors. 

Finally, Paton et al. comment on the 
paucity of data points, particularly in the 
post-late Tertiary group, having previously 
described in detail the difficulties inherent 
in finding suitably unequivocal localities 
to sample. The post-late Tertiary samples 
we analysed were largely obtained from 
regolith developed on the late Tertiary
Quaternary volcanic provinces of Victoria 
and north Queensland. If Paton et al. wish 
to point out other such unequivocal 
localities, we would be glad to sample them. 
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Origin of life 
SIR-Miller and Bada1 have made a valu
able contribution to the understanding of 
the organic chemistry of high-temperature 
hydrothermal systems. They are, however, 
incorrect in citing my work' as supporting 
the hypothesis that life began in vents at 
mid-ocean ridges'. This important hypo
thesis has stimulated much debate' and is 
extremely interesting, but the evidence is 
strong'·'·', as Miller and Bada1 have con
firmed, that conditions are probably too 
extreme in submarine ridge vents. 

The much more likely candidate for our 
birthplace is in subaerial (that is, land) 
hydrothermal systems. In them, tempera
tures at high level are commonly around 
40 oc, with pH fluctuating, often even 
mildly alkaline. Closely juxtaposed parts 
of a system may vary greatly in tempera
ture, and both water-dominated and rela
tively dry gas-dominated conditions are 
possible, often in rapid succession in the 
same place. There may be rapid influx of 
fluid of very different chemistry, from 
considerable depth. Many potential 
mineral catalysts occur. It is for these 
reasons that I concluded'56 that the likely 
setting of an RNA world would be in a 
subaerial, meteoric water hydrothermal 
system. Perhaps nowhere else in the 
Archaean world were conditions so 
favourable for that extraordinary event, 
the origin of life. 
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MILLER AND BADA REPLY- Nisbet pro
poses that the origin of life took place in 
40°C vent waters rather than 350°C vents. 
Russell et al. 2 have also claimed that luke
warm vent waters were the site of impor
tant prebiotic reactions. The vent waters 
that are referred to are apparently hydro
thermal waters cooled by mixing with sea 
water or by loss of heat to rocks. Because 
the high-temperature conditions would 
decompose all the organic compounds, 

the vent waters mixed with sea water 
would have less organic material than the 
ocean as a whole. 

It is not clear what is to be gained from 
this process over heating parts of the 
primitive ocean to 40°C on a beach or in a 
lagoon. An alternative is to heat the 
primitive sea water to 40°C, but not much 
higher, by circulating it through heated 
rocks. This apparently does not occur near 
submarine vents, but may take place near 
volcanoes (H. Craig, personal communi
cation). Again there seems little to be 
gained by invoking this type of process. 
The chemical reactions taking place at 
40°C are more rapid but still similar to 
those at 0°C, with a few exceptions (for 
example, template polymerizations may 
not work at 40°C because of the melting of 
the helix).Taking the heat of activation of 
a reaction as 20 kcal mor' and assuming 
that 1 part in 10' of the ocean is at 40°C, 
then 99.9% ofthe reaction would occur at 
0°C and only 0.1% at 40°C. 

Russell et al. refer to the reported detec
tion of glycine in Red Sea hydrothermal 
brines' as evidence that a biotic synthesis 
occurs in mild hydrothermal vents. This 
glycine is a contaminant, however, which 
bleeds from the Chelex resin'·' employed 
in the analytical scheme. In addition, no 
other amino acids were reported', which 
would be usual for a pre biotic synthesis. 

If lukewarm vent water, and not the 
ocean as a whole, came in contact with 
minerals that catalysed critical prebiotic 
reactions, as proposed by both Nisbet and 
Russell et al., our argument could change. 
It is not feasible to evaluate this possibility 
until the minerals and reactions are 
named. It is to be noted that an important 
role in prebiotic chemistry for minerals 
and clays has so far not been demonstra
ted. As for the role of hydrophobic sur
faces a primitive oil slick' may have been 
more important than the mineral surfaces 
suggested by Russell et al. 
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Barnacle taxonomy 
SIR-Crisp and Fogg' attack what they 
consider "mere changes of opinion" in 
establishing and changing names of taxa 
above the species leveL To alleviate 
attendant inconveniences, at least among 
the barnacles, they offer a remedy of 
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