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ABSTRACT

It has recently been proposed that diffusion of light nuclei in metals
can give rise to unusual electrical charge distributions in their
lattice structures, inducing thereby certain nuclear reactions that
are otherwise uncanmon. In the light of these results we advance the
hypothesis that such nuclear reactions take place in the metal rich
core of the earth, based on following observations:
1- The solubility of hydrogen in inetals is relatively high compared to

that in silicates.
2- Studies of rare gas samples in intraplate volcanos and diamonds show

that 3Ke/ He ratio increases with depth in the mantle.
3- There are indications that He is positively correlated with

enrichment of metals in lavas.
Wé propose that hydrogen incorporated into metallic phases at the time
of planetary accretion was carried to the core by downward migration
of metal rich melts during the early states of proto-earth. Preliminary
estimates suggest that cold fusion reactions can give rise to an
average rate of heat generation of 8.2x10l2V1/ and may thus serve as a
suplementary source of energy for the geomagnetic dynamo.

1 INTRODUCTION

Heat released by nuclear processes is considered to be the major source

of energy in the universe. In stars the main nuclear process is fusion

of light nuclei, under the extremely high pressure-temperature

conditions prevailing in its interiors. Inside planetary bodies the

pressure-temperature conditions are relatively moderate and the main

source of energy is the heat released during decay of long-lived

radioactive isotopes. Nuclear fusion processes are extremely rare in

condensed matter such as those existing in planetary bodies because of

the relatively large intornuclear separation. Also the sheath of

negative charges that surround the nuclei aro in general incapable

of inducing fusion.

The recent discovery by Fleischmann and Pons (1989) and Jones et al.

(1989) of the unusual nuclear reaction occurring during diffusion of

light nuclei in metallic lattices has created a great stir among the



scientific ccmnunity. Even though many aspects of the reactions are

yet to be deciphered, the general opinion that is emerging indicates

that the reaction is the result of fusion of deuterium nuclides in a

metallic lattice at normal temperatures (Morrison, 1989). Since nuclear

processes are involved there is no doubt that accompanying heat

release takes place. Currently there is seme controversy as to the

efficiency of this process to generate heat in large quantities for

practical purposes. It is still too early to say if cold fusion will

provide a clean and cheap source of energy in the future or the whole

enthusiasm generated is only a storm in a tea-cup. In the present

context, we are interested not in the efficiency but in the ability of

cold fusion process to generate heat in planetary bodies such as Earth.

According to Jones et al., (1989) this reaction is possible in

celestial objects containing condensed matter and they discussed the

possibility of heat generation by cold fusion in the earth's mantle as

a source of thermal energy for plate tectonic processes, lhe role of

the cold fusion as a source of additional heat in the interior of the

earth is the subject matter of the present paper. We advance the

hypothesis that the roost likely place for the cold fusion to take place

in the earth is the core and not the mantle. Geophysical, geochemical

and isotope data are presented as evidences supporting our hypothesis.

2 NUCLEAR FUSICN IN CONDENSED MATTER

The experimental studies of Jones et al. (1989) and Fleischmann and

Bons (1989) shew that when a current is passed through palladium or

titanium electrodes immersed in an electrolyte of deuterated water and

various metal salts, a flux of neutrons with energy close to 2.5 Mev

results. This observation is interpreted as'indicating the occurrence

of a fusion process in which two deuterium nuclei fuse together . to

form a Helium nuclide. Jones et al. (1989) calculated the fusion rate

to be 10~i3per deutron pair per second and suggested that techniques

other than electrochemistry may be seccessful. DeManno et al. (1989)

claim a higher rate of neutron emission during the diffusion of

deuterium gas at high pressures in titanium.

Some of the possible fusion reactions involving hydrogen isotopes

that can take place are; ' • •

»D • 2D 3He(0.82 Mev) + J n(2.45 Kev) .. (1)
% 1 2 0

*D + 2D »T (1.01 Mev)+ ^(3.02 Mev) (2)
1 l l i



XP + 2D 3He + Y (5.4 Mev) (3)
1 1 z

Note that the tri+dum isotope decays to JHe with a half life of

12.4 years. According to Jones et al. (1989) fusion is induced as a

result of the distortion of the intemuclear wave function when hydrogen

isotope nuclei are loaded into metals under non-equilibium conditions .

This distortion is believed to be related to the occurrence of certain

collective states of negative charges resembling moons in metallic

lattices. There are experimental evidences for the occurrence of

negative charge distributions with effective masses much higher than

the free electron mass in metals as well as in semiconductors . (see for

example Kittel, 1977). Experimental studies on correlated states

of negative charges in metallic lattices has been the subject of a

recent review by Fisk et al. (1988). A review of the evidences for muon

catalyzed fusion has been presented by Jones (1986)..

3 COED FUSION AS A SOURCE OF HEAT IN THE EARTH

To evaluate the role of cold fusion as a source of heat inside the

earth it'is necessary to consider the basic conditions under which it

can take place. To judge fron the results reported in the literature it

appears that presence of light nuclei in metallic lattices is a

necessary condition for cold fusion to occur. If This is so, the

reaction is more probable in the metallic core of the earth. Additional

support for this arguemeht can be found when we consider the

solubility of hydrogen in condensed natter.

Hydrogen is a special case of non-metals that dissolves more easily in

metals than in semiconductors. Also the diffusion rate of hydrogen in

metals is much greater than that of other gases and light elements.

For example, the diffusion rate in iron at 20°c is 1012 times that of

carbon or nitrogen. Experimental data show that the solubility of

hydrogen increases with temperature in certain metals such as Fe and

Ni, which are believed to be the major elements present in the core.

This behaviour of hydrogen and its isotopes would suggest the

possibility of a higher concentration of hydrogen in the metallic core

of the earth, as compared to the silicate mantle.

An estiinate of heat generated by cold fusion in tho core can be

obtained by considering the amount of hydrogen incorporated by its

constituent elements; The abundance of hydrogen is a function of its

availability as well as its solubility. By ,ivailabili\./ we mean access

of core materials to a hydrogen rich environment/ which in turn is



related to process of core formation itself. According to currently

accepted models of thermal evolution, the earth has undergone an

episode of melting and core formation soon after its accretion as a

planetary body. It is reasonable to assuiue. Lhat the availabilty of

hydrogen to core forming materials is limited to this early interval in

the evolution of the earth. Supply of hydrogen would be drastically

reduced after the core formation, being limited to solid-state diffusion

across core-mantle interface.

The solubility of hydrogen in metals is temperature dependant. In the

abscence of detailed information on the thermal conditions of the

proto-earth we assume that the solubility is determined by the

temperatures prevailing in its upper layers prior to melting and core

formation. As a first order approximation we make use of the results

quoted by Fast (1976) on the solubility of hydrogen in iron. In the

interval of 300 to 1500 °K the solubility of hydrogen in iron increases

with temperature and, excluding the effects of phase changes, follows

approximately a relation of the type:

Log (H) = a + bT (4)

wnsre 'H' is the number of hydrogen atoms relative to metal atnos,

•T' the absolute temperature and 'a1 and 'b' are constants. According

, to models of thermal evolution of the earth melting initiated in the

upper layers at a temperature of approximately 1000 C and proceeded

downwards. We therfore consider the solubility at 1000 °C as a lower

limit in the calculation of the abundance of hydrogen in the core. The

melting curve of the proto-earth is likely to be super-adiabatic and

hence solubility may increase with depth. We ignore this small

correction for the moment as our interest is in the order of

magnitude estimates. The results quoted by Fast (1976) gives the

solubility of hydrogen in iron at 1000 C as approximately 4 x 101*. For

a deuterium isotopic abundance of 150 ppn the number of P-D pairs in

the core is 1.2 x 101*2. If the rate of heat generation per P-D fusion

is 8.6x10"l3J and all P-D pairs .have undergone fusion, the total amount

of heat generated would be 103"Joules. Hence over a time interval of

4 billion years, considered to be roughly the age of the core, , the
• • •

average heat flux rate would be 8.2x10l2W. It is interesting to

consider this rate of heat generation with the estimates of. juinimum

heat loss for the core. Stacey (1969) calculated the thermal gradient

for the core to be 0.2 °C/km and the thermal conductivity of iron at

coro tenperatuies to be approximately 4 W/mTc resulting in net a heat



loss of i^xiO^W. For a convection efficiency of 0.08 the heat

transport to the base of core - mantle interface would be l.7x1012 W

which compares reasonably well with the estimate of average heat

generation by cold fusion in the core.

4 SUPPORTING EVIDENCES

One of the consequences of cold fusion reaction involving hydrogen

iostopes in the core would be production of a considerable amount of
3'He. Convection currents would bring up this gas to the core-roantle

interface from whereon it could be expected to migrate . upwards

through the mantle by solid scate diffusion. Hence an increase in the

concentration of 3He with depth in the mantle would be a strong

supporting evidence for the existence of cold fusion reactions in the

core. Presence of excess 3He in geological materials was known since

the early work of Clarke et al. (1969) but this is currently interpreted

as a primordial component since no radiogenic or nucleoge ic mechanism

was known to explain this phenomenon until the recent discovery of

cold fusion. It was Jones et al. (1989), who first suggested that

terrestrial,3He may be a product of cold fusion reactions described

inequations (1), (2) and (3).
T*fe now examine the experimental data on helium isotopes In oceanic and

• vntinental regions in search for such a tendency. The problem is not

easy.as it might seem at fisrt sight because of the possible presence

of primordial component of 3He as well as the production of He fi<-*n

radioactive decay of Uranium and Thorium. We therfore consider analysis

of variations in 'He/^He isotope ratios as more useful than a study

of the absolute abundances of JHe. Since the earlier studies of Clarke

et al. (1969) many investigation have reported excess JHe in a

variety of geological materials both from continental and oceanic

regions. (See for a review of the subject Lupton, 1983). Some of these

materials are considered to have origin deep inside the ectrth so that

it is possible to make inferences as to the vertical distribution of
JH6/*He ratios in the mantle. Since our objective is to identify

trends that could indicate an increase of 3Ilc abundance with depth, a

relative depth scale was adopted based on geophysical and geochemical

considerations as to the diffusion and mobilization of helium in the

earth's interior. According to this depth scale we have classified

samples into three groups:

1- Shallow ( <150 km) that incluucs canples from continental crust and

those considered to have cenxs up from the subcontinental mantle.



2- Intermediate (50-300 km) comprising samples of subduction related

magmatism as well as mid-ocean ridge basalts (MORB).

3- Deep ( < 300 km) that includes samples pertaining to hot-spot volcanos

' and high pressure polynorphs.

Following the normal practice adopted in the literature we present the

'He/* He ratio (R) in terms of the atmospheric ratio (Ra) of 1.4x10"*.

The results given in table (1) show that continental crust and

subcontinental mantle are characterized by relatively lew B/Ba values

while high values are found in hot-spot volcanos and diamonds.

Subduct^on related magmas and MQRB seem to be characterized by

intermediate values. Thus there is a progressive increase in R/Ra \alues

as one goes from material of continental crust to materials considered

to be of deep mantle origin. This tendency can be considered as

indicative of a progressive increase in 'He abundance with depth in

the upper mantle. Consequently we conclude that the source for 'He

cannot be in the upper mantle.

Additional evidence for a deeper origin of 3He and its possible

association with metallic elements cones from a study of isotope

variations of helium in basalts fran a 400 km section of the Juan de

Puca ridge carried out by Lupton (1982). This ridge characteristically

erupts Fe and Ti rich basalts and the 'He/ * He ratio appears to

correlate with the degree of Fe-Ti enrichment.

Since there is progressive enrichment of Fe and Ti with depth in the

lower mantle the observed correlation is a support for the arguement

that the source of 3He lies in the lower mantle or possibly in the

core itself.

5 CONCLUSIONS

If nuclear fusion reactions can be induced by diffusion of light atoms,

like hydrogen, in metallic lattices, then the most probable place for

it to take place inside the earth is its core. We propose that hydrogen

incorporated into metallic phases at the time of planetary accretion

was carried to the core by downward migration of metal rich melts

during the early stages of the protc-Earth. Preliminary estimates show

that heat release associated with cold fusion reactions could provide

an average rate of heat generation of about 8x10l2W. This estimate is

in reasonbly good agreement with the current estimates of heat

transport to the base of core-mantle interface and at least an order

of magnitude higher than the estimates of maximum energy requirements

for the geomagnetic dynamo. Available data on lie isotope ratios suggest



that abundance of *He increase with depth in the mantle and there are

sane indications that it is positively correlated with metal enrichment

in lavas. These observations are considered as supporting evidences and

we propose a detailed study isotopic abundances helium in iron

meteorites as one of the possible means of verifying our hypothesis.
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• rable 1 - Distribution of 3He/vHe ratio (R) in terrestrial materials and iron meteorites in
relation to the atmospheric ratio (Ra).

Group Region/Class Material R/Ra

Shallow
(0-150km)

(50-300km)

Deep
(>200tan)

a t*i

Continents

Subcontinental
Mantle

Subducticn
Zones
Mid-Ocean
Ridges

Kot-Spot
Volcanoes
Upper Mantle

Ground and Connate
Waters, Acidic to Basic
Rocks
Xenoliths

Basic to Andesitic
Magmas
Oceanic Basalts

Basic to Ultrabasic
Magmas
Diamonds

0.01-0.05

0.4-0.5

5-8

6-10

9-30

0.03-226

>••••««.».«..<•>.
Deep (?) Meteorites Iron >200


