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EXPLORATION OF THE DEEP OCEAN FLOOR 

FOUR widely different aspects of deep ocean 
exploration were discussed at a session of Section 

A (Mathematics and Physics) of the British Associa
tion for the Advancement of Science during its recent 
meeting at Dublin. The discussion was held on 
September 10, with the president of the Section, 
Prof. T. G. Cowling, in the chair. The methods of 
exploration that were described included seismic 
refraction shooting, underwater photography, the 
analysis of magnetic spherules found in deep-sea 
sediment and, finally, the examination of the oceans 
from manned bathyscaphs. 

The seismic method of exploration was described 
by Mr. R. D. Adams, of the Department of Geodesy 
and Geophysics, University of Cambridge. An 
explosive charge is fired in the sea, and the resulting 
sound waves travel out through the various layers 
of rock beneath the sea-floor. By measuring the time 
taken for the sound waves refracted through these 
rock layers to roach receivers at distances of several 
miles from the explosion, the thicknesses of the 
various layers may be determined, together with the 
velocities of sound in them. By comparing these 
velocities with those measured in rocks of known 
geological composition, an idea can be formed of the 
type of rock that underlies the oceans. 

Mr. Ad1ms then described the typical structure 
found under deep ocean basins. In these areas the 
depth of water is generally between four and five 
kilometres. At the floor of the ocean we find a layer 
of loosely packed sediment which may be as much 
as one kilometre thick. Beneath this is a layer of 
more solid rock, which may be a consolidated sedi
ment or perhaps volcanic lavas. This layer is one 
to two kilometres thick and overlies a further layer 
of what, is probably a basaltic igneous rock. Finally, 
at a depth of approximately eleven kilometres under 
tho sw·face of the sea, and six kilometres under its 
floor, rock is encountered for which the velocity of 
sound is the same as that observed at a depth of some 
thirty kilometres under the continents. This dis
continuity of velocity is taken to mark the boundary 
between the Earth's crust and its mantle. Thus, the 
seismic method of exploration gives us an idea of the 
st,ructure of the sub-oceanic crust, and shows that 
t.his crust is considerably thinner than that under 
the continents. 

Magnetic measurements may also be used for 
exploring submarine structure. Mr. Adams spoke 
briefly of the nuclear spin or 'proton' magnetometer 
that was used at sea during the 1956 summer cruise 
of R.R.S. Discovery II (see Nature, 180, 10 ; 1957). 
Protons in a sample of water behave as small spinning 
magnets, and can be made to precess about the 
direction of the Earth's magnetic field. The frequency 
with which they do this is directly proportional to 
the strength of the field ; hence by measuring this 
precession frequency the strength of the Earth's 
magnetic field may be easily and accurately determ
ined. In this way, magnetic anomalies related to 
submarine structure may be traced. 

The next speaker was Dr. A. S. Laughton, of the 
National Institute of Oceanography, who described 
the exploration of the ocean floor by echo-sounder 

and underwater camera. He explained how the 
development of the acoustic echo-sounder had enabled 
continuous profiles of the depth to the sea floor to 
be obtained, instead of the isolated wire soundings 
that previously had been the only indication of depth. 
From these soundings it is found that once the edge 
of the continental shelf is passed, there exist 
vast abyssal plains which are flat to one part in 
one thousand over distances of several hundred 
miles. By contrast, regions of extreme ruggedness 
have been mapped, and there are also areas of an 
intermediate type of topography. Large canyons are 
also found, which Dr. Laughton suggested might be 
due to turbidity currents. These are turbulent sus
pensions of sediment in water, which are capable of 
cutting through the continental shelf. 

Dr. Laughton then showed a series of photographs 
of the ocean bottom, taken with the underwater 
camera which ho has developed. The camera is 
lowered into the sea on a framework which also sup
ports a light source and an acoustic device for trans
mitting a sound signal back to the surface every time 
a picture is taken. The camera is triggered when a 
weight hanging beneath it strikes the sea floor. The 
operator at the surface then hears the sound pulse, 
and raises the camera a few fathoms before lowering 
it again to take the next picture. 

The first photographs shown were of a relatively 
smooth ocean bottom at a depth of 2,600 fathoms. 
Tracks of small animals were seen in the bottom 
sediment. A most interesting series of photographs 
was taken in water of decreasing depth while the 
ship drifted over a seamount to the north of Madeira. 
Loose boulders, areas of sediment, and outcrops of 
rock were visible at various depths. Some indications 
of bottom life were observed at all depths, but these 
became more abundant as the depth decreased. In 
the photograph reproduced herewith (Fig. 1), the 
level bottom of globigerina ooze shown is typical of 
large areas of the floor of the ocean basins. The 
mounds, which are up to a foot in diameter, result from 
the burrowing activities of bottom-living animals. To 
the left is a track, outlined by 'foot-prints' made, 
possibly, by a holothurian. Finally, Dr. Laughton 
showed three colour slides of the bottom, which re
vealed an unexpected variety of colour, especially red. 

The next paper was by Messrs. A. A. Smales and 
D. Mapper, of the Analytical Chemistry Group, 
Atomic Energy Research Establishment, Harwell. 
Mr. Mapper read the paper, which was entitled 
":Neutron Activation Analysis of 'Cosmic' Spherules 
from Marine Sediment". He described a collection of 
magnetic spherules, of mean diameter 44 microns, 
which have been found in deep-sea sediment. 
Spherules of similar appearance have been collected 
from the atmosphere, and the aim of this work was 
to carry out a chemical analysis of spherules collected 
from different sources, for comparison among them
selves and with material of known meteoric origin. 

The amount of material available for this analysis 
is extremely small ; in some cases the total weight 
of a sample is only ten micrograms. The analysis of 
such small amounts of material by conventional 
chemical means would be extremely difficult. 
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Fig. 1. Photograph by Dr. A. S. Laughton taken at station 3461.l, position 36° 36' N., 17' 13' W., depth 4,670 metres. Area of picture 
3 m. x 5m. 

The method of neutron activation consists of bom
barding the specimen with slow neutrons in a nuclear 
reactor, thus inducing certain elements to form radio
active isotopes. After irradiation the sample is dis
solved in a solut,ion containing comparatively large 
amounts of the stable isotopes of the elements which 
are sought in the analysis. These act as caITiers for 
the radioactive isotopes, and after thorough mixing a 
chemical separation is effected in which the radio
active isotopes from tho sample remain with their 
caITier elements. The total amount of radioactivity 
found in each element is independent of the amount 
of carrier used, and enables the amount of this 
element contained in the original sample to be cal
culated. This method is free of the contamination 
difficulties associated with the conventional methods 
of chemical analysis of small samples. In practice, 
the amount of each element present in the sample is 
determined by using a standard specimen containing 
a known amount of the element, and comparing the 
activities of sample and standard after both have 
been subjected to the same amount of radiation. The 
sensitivity of the method is such that quantities as 
small as 10-12 gm. of certain elements can be detected. 
For cobalt and copper the minimwn detectable 
quantities are 6 x 10-12 and 6 x 10-11 gm., respec
tively. 

By this method samples of four types of spherules 
were analysed for nickel, cobalt and copper. The 
neutron activation method is unsuitable for the 
detection of iron, so the iron content was determined 
colorimetrically using a spectrophotometer. The four 
samples were: (1) spherules extracted from deep-sea 
sediment cores collected in the Pacific Ocean; (2) 

spherules extracted from a manganese nodule found 
in one of the cores; (3) spherules extracted from 
rainwater collected on the coast of Sweden; (4) 
spherules extracted from sand in the River Danube 
near Vienna. 

The composition of meteoric material can be 
determined in the laboratory, and it is found that 
iron, nickel and cobalt constitute 99 per cent of iron 
meteorites. The ratio of the amounts of nickel to 
copper, nickel to cobalt, copper to cobalt and nickel 
to iron found in these iron meteorites was compared 
with the values of these ratios found in the four types 
of spherules. A definite similarity was found between 
those ratios for the iron meteorites and the spherules 
of marine origin. The spherules collected from rain
water and from the Danube, however, show no 
chemical similarity to the meteoric matter. 

The dangers of ascribing a cosmic origin to spherules 
collected on land must not be overlooked. It appears 
that these particles may be industrial by-products 
carried in the atmosphere. There is, however, no 
chemical objection to attributing a cosmic origin to 
those spherules discovered in deep-sea sediment. 

In the final paper, Dr. Robert S. Dietz, of the 
U.S. Office of Naval Research, Washington, described 
a descent that he had made in the bathyscaph Trieste 
to a depth of 1,100 metres near the Isle of Capri. 
Owing to indisposition, Dr. Dietz was unable to 
present his paper himself, and it was read by Com
mander Dean Farnsworth. 

This method exploring the deep ocean bottom is 
the most personal that has yet been used. Dr. Dietz 
stressed the value of being able to see the bottom, 
rather than having to rely on the evidence of single 
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photographs or the movement of television cameras. 
He briefly described the bathyscaph, for the con
struction of which M. J acqucs Piccard was largely 
responsible. The craft is similar in principle to the 
lighter-than-air balloons designed by M. Piccard's 
father. The buoyancy is obtained by using a float 
filled with petrol, and, by adjusting ballast and 
releasing small quantities of petrol, the trim of the 
craft may be altered so that it will ascend or descend 
at the will of the operator. Below the float is a 
cabin, two metres in diameter, which will hold two 
men. Two conical windows of 'Perspex' permit 
observation from the cabin. 

The depth of 1,100 metres is the greatest that is 
available in the neighbourhood of Capri, from where 
the bathyscaph is now operating. The cabin is 
designed to withstand a pressure equivalent to 6,000 
metres of water, and as the petrol compartment of 
the float is open to the water, this is not affected by 
changes of pressure. There is thus no reason why 
the craft should not be able to descend to all but the 
deepest oceanic areas. 

Dr. Dietz described in some detail the descent he 
had made. The dive lasted two and a half hours and 
included about forty-five minutes on the bottom. 
Some light was visible down to a depth of 525 metres. 

At greater depths than this, floodlights were 
switched on intermitt,ently. Some scattering particles, 
presumed to be zooplankton, were observed at all 
depths, but the maximum amount of life was found 
between 500 and 700 metres. The sea bottom 
appeared to be composed of soft brown mud, and 
there was little evidence of bottom life. Three small 
fish were seen near the bottom, however, and some 
mounds and burrows similar to those photographed 
by Dr. Laughton were observed. During the more 
rapid ascent, which took only forty minutes, a 
turbulent eddy of water travelling with the bathy
scaph made observation difficult. 

In the short discussion which followed the papers, 
Prof. T. G. Cowling asked Dr. Laughton whether the 
flat areas of sediment found on some parts of the 
ocean floor would cover a buried topography of the 
basement rocks. Dr. Laughton replied that this was 
almost certainly the case. 

Dr. B. J. Mason remarked that he was not sur
prised to learn that magnetic spherules of industrial 
origin were transported large distances from the areas 
where they were liberated into the atmosphere. In 
his work he had had experience of salt particles from 
the sea being carried several hundred miles inland. 

R. D. ADAMS 

POWER FROM NUCLEAR FUSION 

A SESSION of Section A (Physics) of the British 
Association was held in Dublin on September 6 

under the prophetic title : "The Industrial Applica
tions of Thermonuclear Reactions". This was under 
the chairmanship of Prof. T. G. Cowling, and followed 
his presidential address on "Stellar Energy and 
Stellar Evolution", which had included a discussion 
of thermonuclear reactions in the stars. 

Two papers were read; the first, by J. D. Lawson 
(U.K. Atomic Energy Authority, Harwell), consisted 
of a brief review of the basic physics of the reaction 
process and the properties of the hot gas. The second, 
by Sir George Thomson, dealt more specifically with 
the problem of containing the hot gas out of contact 
with the relatively cool walls of its container. After 
the papers there was a brief but animated discussion. 

Mr. Lawson said that if an efficient method could 
be found of burning to helium the deuterium which 
occurs in water then the world's fuel problem would 
be solved virtually for all time. Fusion reactions 
between ordinary light hydrogen nuclei (protons) are 
important in the stars, but would be almost un
detectable in any conceivable terrestrial system ; 
reactions employing the heavy hydrogen isotopes, 
deuterium and tritium, on the other hand, aro about 
1025 times more probable. A mixture of deuterium 
and tritium is by far the most 'inflammable' fuel; 
unfortunately, however, tritium does not occur 
naturally. It can nevertheless be bred by capturing 
the neutrons emitted during fusion in the light isotope 
of lithium, which decays into tritium and helium. 
Lithium is not a common metal (reserves are prob
ably comparable with those of uranium), and the 
ultimate aim must be to use a cycle based on deu
terium. The rate of reaction for this cycle is about 
one hundred times less than that for the tritium/ 
deuterium cycle, and the problem of making a power
producing system is considerably more difficult. 

Temperatures of a few million degrees are required 
for fusion reactions to be detected, but for appreciable 
power to be produced at least a hundred million 
degrees is necessary. At such temperatures the gas 
is completely ionized. Radiation is in the form of 
bremsstrahlung (or 'free-free' electron transitions) ; 
its intensity increases as the square root of the tem
perature, and is proportional to the volume of the 
gas and the square of the density. This departure 
from the behaviour of a 'black body' is due to the fact 
that the range of the photons in the gas is very large 
compared with the linear dimensions of the system, 
so that the gas is almost transparent. Now the rate of 
reaction is also proportional to the volwne and the 
square of the density, and hence the ratio of reaction 
power to radiated power is a function of temperature 
only. The two are equal at the 'critical temperature', 
which is about 150 million deg. for deuterium and 
30 million deg. for a tritium/deuterium mixture. 

It does not follow, however, that if a mass of fuel 
is heated to the critical temperature it can be 'set off', 
as in chemical explosion or combustion. The reason 
for this illustrates another difference between terres
trial and celestial systems ; the ranges of the reaction 
products are very long, so that the neutrons are 
bound to escape from the gas without imparting 
their energy to it, though the charged reaction pro
ducts can in principle be retained by means of suitable 
-0lectric or magnetic fields. 

The discussion so far illustrates some of the basic 
features of the reaction process, and indicates the 
difference in scale between a fusion reactor on one 
hand, where mean free paths arc long compared with 
the linear dimensions of the system, and stars on the 
other hand, where the mean free paths are relatively 
short. 

The central problem, however, is not that of 
producing a hot gas, difficult though this is, but of 
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