
a large part of the energy needed to drive this
magnetic dynamo is thought to come either
from the latent heat of crystallization of the
inner core, or from convection due to the
separation of a light chemical component
during freezing2,3.  

Driving a dynamo without an inner core
is extremely difficult as that would require
the heat flux to be high enough to provide the
necessary convection, but not so high that
the core solidifies. At the July meeting on
‘Study of the Earth’s Deep Interior’ (SEDI),
D. Gubbins (Univ. Leeds) argued that it is
pretty much impossible for the Earth to have
established a geomagnetic dynamo without
an inner core; D. Stevenson (Caltech) sug-
gested that it might be possible to sustain a
dynamo without an inner core if the core was
initially superheated, perhaps by 1,000 K.
But this seems unlikely, as then the core
would probably have been hot enough to
melt the overlying mantle. 

So if an inner core is necessary for the
dynamo, and given that there is clear evidence
for a geomagnetic field in rocks as old as 3.5
billion years, the logical assumption is that the
Earth’s solid inner core must be at least that
old. The problem, however, is that models of
core evolution have difficulty simulating an
inner core that is older than about 1 billion
years4; the core seems to be growing too quick-
ly. But Gessman and Wood’s results1 may help
to reconcile these two incompatible views.

If the inner core has grown to its present
size at a constant rate over 4.6 billion years,
the heat of crystallization would provide
0.5 TW (1 TW41012 W) of the total core heat
flux. Estimating the total core heat flux is 
difficult, but by assuming that in the lowest
250 km of the mantle heat is transported by
conduction only, the answer comes out at
about 7 TW. Convective upwellings from the
core–mantle boundary (mantle plumes) may
increase this figure to 10TW.In the absence of
internal heat sources, the difference between
these estimates and the heat from crystalliza-
tion must be accounted for by heat released
through cooling. This would require a core-
cooling rate of 120–200 K every billion years,
a rate that is considered rather too high. So
either the core is much younger than 4.6 bil-
lion years, or there is another internal heat
source — such as radioactive heating. Using
similar arguments, Labrosse et al.4 estimated
that, if the inner core is as old as 4.6 billion
years, around 4 TW must be released through
radioactive heating. 

Gessman and Wood’s high-temperature,
high-pressure experiments1 show that, in the
presence of sulphur and oxygen, potassium
alloys with liquid iron, and that in the Earth’s
core a concentration of up to 250 p.p.m. could
be expected. That much potassium would
produce only about 1.7TW of heat, somewhat
less than the 4 TW required for an inner core
whose age matches the Earth’s. But it may be
enough to push back the core age to about

2.5billion years. Rama Murthy and colleagues
(personal communication), however, suspect
that there might be even more potassium in
the core than Gessman and Wood suggest.
And if the core-forming liquid equilibrated
with the mantle at lower pressures than
assumed by Gessman and Wood, the concen-
tration of potassium in the core could be high-
er still. If the abundance of other radioactive
elements, such as uranium and thorium, in
the iron-rich liquid of the core is also affected
by the presence of sulphur, that again would
push back the age of the core. 

At this point, although the experiments
performed by Gessman and Wood help, they
do not fully resolve the problem of the age 
of the Earth’s inner core and dynamo. If the
core really can store significant quantities of
potassium, geochemical arguments regard-
ing stratification of the mantle will also have
to be revisited5. Clearly, more theoretical and

experimental work is needed. It is worth 
noting, however, that Gessman and Wood’s
results apply to other planetary cores. The
inner core of Mars formed at lower pressure
and is thought to have a high sulphur content,
so it could also have very high concentrations
of potassium: radioactive decay may have
provided the energy for an early magnetic
dynamo on Mars. n
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news and views

Wood, with applications
ranging from construction to
cabinet-making, has just
notched up another use. As
they describe in Advanced
Materials, Angang Dong and
colleagues (Adv. Mater. 14,
926–929; 2002) have used it
as a template for creating
zeolites. 

Zeolites are porous
structures of crystalline
aluminosilicate, made on
templates that define the 
size of the pores and their
interconnectivity. They can 
be designed for specific
applications; for example, 
the pore size can be chosen to
set the rate at which other
molecules will diffuse through
the zeolitic structure. 

Templates such as shells
have already been used to
synthesize inorganic analogues
of biological materials. As the
structural organization of such
materials cannot be finely
controlled, some of the
advantages of rationally
designed synthetic templates
are lost. But other properties
make biological templates
attractive: they can be cheap,
abundant, renewable, and so
commercially viable; and they
are also environmentally benign.

Dong et al. report the
synthesis of a zeolitic material
possessing a porosity inherited

from its wood templates —
bamboo (a grass with woody
stems) and cedar (a conifer).
Further advantages of wood are
its intrinsically complex and
hierarchical pore structure, and
the abundance of tree species
— and so morphologies. 

To make a zeolite, the
authors used a ‘seeded growth’
technique. First they treated 
the wood templates with a
polyelectrolyte, and dispersed
pre-formed zeolite nanocrystals
through the templates. Then they
washed the nanocrystal-coated
wood slices and immersed
them in zeolite solution for 
a day. The zeolite–wood
composite was heated in air to
remove the wood, leaving a
free-standing zeolite composed
of thin, uniform, continuous
membranes.

Using X-ray diffraction on
both the bamboo and the cedar
templates, Dong et al. verified

that the resulting materials
were purely zeolitic. Scanning-
electron-microscope images
revealed that the synthetic
strategy had not destroyed the
skeleton of the original tissue.
Instead, the zeolite nanocrystals
had completely penetrated the
wood, faithfully replicating the
wood’s cellular structure in fine
detail. The cedar-template
zeolite (shown above) was
composed of interconnected
bundles of micrometre-scale
hollow vessels, with some
fibres having features such as
pits (which originally connected
adjacent cells) and helical stripes.
The bamboo zeolite showed
rings and spine-like structures.

Applications of zeolites
formed from wood templates
are still some way off. But
Dong et al. predict that they
could ultimately be useful in
catalytic and adsorption
technologies. Rosamund Daw
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