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ethanol, methane or oil with conver
sion efficiencies of 20-44% for gases 
and 58% for oil. Boardman esti
mated that such liquid fuels could con
tribute 47% of Australia's transport 
fuel requirements, one-third originat
ing in crop residue and two-thirds in 
new fuel crops. Similarly good pos
sibilities exist in Brazil and New 
Zealand. However, biomass is unlikely 
to make a significant contribution to 
the energy requirements of small 
densely populated countries. 

The overall impression was one of 
optimism, based not on the all
embracing potential of any one 
method, but on the diversity of 
methods of harnessing solar energy 
which, given a rational energy con
sumption, can make some contribution 
in almost every climate. 0 

From sea level 
to heat flow 
from Peter I. Smith 

WHEN hot material of mantle origin 
spreads away from an oceanic ridge 
zone it cools and contracts. Both 
theory and observation indicate that 
the seafloor subsidence thereby pro
duced is proportional to the square 
root of time, from which it follows 
that a fast-spreading ridge will have a 
greater volume than a slow-spreading 
one. It follows from that, in turn, that, 
assuming the volume of seawater and 
the radius of the Earth to remlllin con
stant, the sea level will rise during a 
period of fast spreading. So could 
variations in ridge spreading rate be 
responsible for some or all of the fluc
tuations in sea level that have been 
known now for more than a hundred 
years? Hays and Pitman (Nature 246, 
18; 1973) thought so and thus added 
to the large number of explanations 
prevriously suggested for changing sea 
level (glaciation, continental volume 
changes, Earth's radius changes). 

Now Turcotte and Burke (Earth 
Planet. Sci. Lett. 41, 341; 1978) have 
taken the logic of this model one stage 
further and, assuming sea level fluc
tuations indeed to be indicative of 
changes in ridge volume, have related 
changes in sea level to changes in ridge 
heat flow. The sea level data used were 
obtained indirectly from Hallam 
(Nature 269, 769; 1977), who estimated 
the percentage flooding of North 
America and the Soviet Union over 
the past 520 million years from palaeo
geogra.phic maps, and from Vail et al. 
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(Am. Assoc. Pet. Geol. Mem . 26, 83; 
1978), who determined relative sea 
levels directly for the past 600 million 
years using a combination of seis
mology and stratigraphy to detect the 
onlap of coastal deposits in maritime 
sequences. The two data sets suggested 
remarkably similar sea level trends, 
thereby giving some confidence in the 
apparent changes in water volume, 
and hence the supposed changes in 
ridge volume derived from them, tak
ing into account isostatic responses. 

Relating ridge volume to ridge heat 
flow is a more complex operation in 
the mathematical sense but can be 
done using thermal boundary layer 
theory. Expressing the ridge heat flow 
as a proportion of total world heat 
flow is rather simpler, however, 
although the number of assumptions 
required (for example, that the Earth's 
heat is entirely due to uranium, 
thorium and potassium in the Earth) 
begins to mount alarmingly. Given the 
number of assumptions involved and 
the considerable uncertainty in many 
of the numerical values used, Turcotte 
and Burke are cautious in interpre
tation. Nevertheless they feel justified 
in coming to two tentative general 
conclusions-first, that the proportion 
of the Earth's heat dissipation occur
ring in ridge zones has generally de
clined slowly over the past 600 million 
years much in accord with the decline 
in heat generation over that period, 
and, second, that there have been 
times during the Phanerozoic when the 
proportion of the Earth's head dissi
pation occurring in ridge zones, at 
present 28 per cent, has risen as high 
as 50 per cent. 

According to the interlocking model 
thus far developed, these ridge heat 
flow 'highs' coincide, of course, with 
sea level maxima and hence with the 
times of the most extensive continental 
flooding--and the latter occurred ahout 
80 and 400-500 million years ago. The 
600 million years of observation is far 
too short to support any suggestion 
that these figures indicate cyclic be
haviour with a periodicity of about 300 
million years, although it tis interesting 
to note that 300 million years is about 
equal to the turnover time of a mantle 
convection cell. Moreover, if sea level 
and ridge heat flow maxima are indeed 
causally related, both would he ex
pected to he related to convective 
behaviour, for heat flow variations 
almost certainly are. 

And that leads to another thought. 
High ridge heat flows correspond with 
ridge volume maxima which coincide 
with fast ridge spreading. In turn, this 
must coincide with increases in the 
amount of mantle material upwelling 
at ridges which (assuming an Earth of 
constant radius) must be connected 
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with increases in the rate of litho
spheric consumption at subduction 
zones. As orogenic behaviour is mainly 
associated with plate consumption, the 
implication here is that orogenic pro
cesses are also episodic, reaching 
greatest intensity when the sea level 
is highest. If it be true, as Turcotte 
and Burke argue, that the widespread 
destruction of rocks and structures 
during mountain building obscures 
much of the evidence of how and 
when mountains formed, sea level 
studies may turn out to be useful in 
determining the precise temporal vari
ations in orogenic activity. 0 

A hundred years ago 
I HAVE just read in Nature (vol. xix, 

p. 182) an account of a strange elec
trical phenomenon observed at Teign
mouth. In connection with it the fol
lowing incident may be of some 
interest:-When in Switzerland, not 
long since, I made with some friends 
the ascent of Monte Rosa. The weather 
was unsettled, and on gaining the sum
mit we saw a thunderstorm advancing 
in our direction from the Italian valleys, 
and not wishing to turn ourselves into 
lightning-conductors we deemed it wise 
to retire from the summit. We had 
retreated a very short distance along 
the arete when the storm-clouds swept 
up upon us; the fine snow fell so thick 
that we could hanllv see one another, 
and we were all suddenly attracted by 
a peculiar ticking or fizzing from our 
hair; when I held up my axe the ticking 
was most distinctly heard from the top 
of it. The thunder ceased, and we felt 
that we were acting as points, through 
which the ground electricity was flow
ing off into the cloud; if it had been 
dark. the bluish light observed at 
Teignmouth might have been visible. 

As at Teignmouth . so on Monte 
Rosa; it was freezing hard when the 
phenomenon was observed. 

w. S. GREEN 

A Ita Terrace 
Monkstown, Cork 
From Nature 19, 9 Jan. , 220; 1879. 

Erratum 
In the article 'Discrepancies in 
claims for endothermy in therapsids 
and dinosaurs' (News and Views 
276, 757; 1978) the last eight Jines 
of paragraph 1 should read: "As 
usual some disputed issues reflect 
different individual views of identi
cal evidence, but one of Bakker's 
later arguments involves a serious 
factual error, unless many other 
authors are mistaken, while some of 
the arguments used in different 
papers are inconsistent or contra
dictory." 
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