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presence of inverted micelles at the fusion
site of two well separated bilayers''.
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Fossil charcoal
and the palaeoatmosphere

IT has been proposed by Cope and
Chaloner’ that oxygen levels in
palacoatmospheres may be assessed by
the presence or absence of charcoal in the
geological record. Although oxygen is
required for burning, it is not necessary for
charcoal formation. When wood is sub-
jected to high temperatures, oxygen-
bearing gases are evolved, yielding an
oxygen-depleted  graphitic  network
(charcoal)>. Charcoal formation is
favoured by low oxygen concentrations at
the solid surface and forms in anoxic
conditions at temperatures above 200 °C.
In the remote past, however, heat from
wood fires, sustained by atmospheric
oxygen, was probably the dominant agent
for charcoal formation. Thus, the coupling
of atmospheric oxygen concentration to
charcoal formation may not be as direct as
has been proposed.

That the occurrence of charcoal is
determined by the oxygen concentration
required for carbon monoxide or methane
to burn, as Cope and Chaloner presume,
has not been demonstrated. Depending
on configuration, ignited wood samples
may not continue to burn in atmospheres
containing as much as 13-21% oxygen®.
At lower concentrations the most likely
source of heat for charcoal formation
would not be available.

It is not known whether palacoat-
mospheric pressures were identical to
present-day values. The proportion of
oxygen required for ignition depends on
the pressure*, but the dependence has not
been investigated for wood. If inert gas is
added to air, as in submarines, the partial
pressure of oxygen and consequently

respiration are unaffected, but the pro-
portion of oxygen may be reduced
sufficiently to prevent a match from
burning®.

While applauding the cross-disciplinary
approach of Cope and Chaloner, we cau-
tion that the effects we have described
should be considered before this poten-
tially valuable probe of palaeoat-
mospheric composition be used. With
refinement, this might be extended to
explore fascinating problems, such as
atmospheric implications of expanding
Earth models and the effects of oxygen
and carbon dioxide partial pressures on
photosynthesis®® in the past.
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CHALONER AND COPE REPLY—
Although we are aware that charcoal may
be produced in a variety of physical
conditions, we must stress that the theme
of our letter was to examine the
palaeoatmospheric implications of our
studies of the widespread distribution of
charcoal (fusinite) in the geological
record. We did not attempt to present a
comprehensive survey of the conditions of
charcoal formation.

In the natural environment, charcoal
may be produced in conditions of both
pyrolysis and combustion, but the
mechanisms for charcoal formation are
few. First, basalt laval flows are known to
engulf vegetation and subject the included
woody tissues to pyrolysis, transforming
these into charcoal'. Second, in swamp
peat accumulations, local temperature
rise caused by exothermic decomposition
reactions may initiate smouldering which
could produce charcoal. Third, and most
important, combustion of vegetation by
forest fire can result in the production of
large volumes of charcoal as a residue. It is
the last mechanism which we believe to be
responsible for the generation of the
greater proportion of charcoalified
phytoclasts which occur in ancient sedi-
ments. Thus, our suggested implication
for past atmospheric composition is not
based on the range of physical conditions
for charcoal production but on the

restriction (in terms of oxygen level) which
can be placed on the occurrence of large-
scale natural burning, that is, the combus-
tion associated with forest fire. We placed
this restriction at a minimum oxygen level
of ~0.3 present atmospheric level (PAL).
We acknowledge that it may be possible to
produce charcoal in special circumstances
with oxygen levels <0.3 PAL. However,
at such levels it would not be possible to
maintain the combustion mechanism for
the production of the large quantity of
charcoal preserved in the geological
record, estimated to be 4x10°-4x 10’
tons in post-Silurian rocks®.

Since the publication of our letter we
have learned (K. N. Palmer, personal
communication) that the combustion
levels of carbon monoxide and methane
described in the experiments of Coward
and Jones® were based on pre-mixed
flames. In conditions of natural burning
the combustion is by diffusion flames,
where the minimum level of oxygen
required to support combustion is more
likely to be ~13% (~0.6PAL), cor-
responding to the lower levels of oxygen
concentration in the extinction experi-
ments of Rasbash and Langford®. Thus,
we are able to revise our minimum esti-
mate to ~0.6PAL, thereby placing
further constraints on estimates of oxygen
concentration in post-Silurian atmos-
pheres.

The question of increased atmospheric
pressures is interesting. Since it is
generally accepted that the oxygen in the
Earth’s atmosphere has accumulated
steadily from photosynthetic build-up,
any proposed models of palaeoat-
mospheres should set the partial pressure
of oxygen at or about its present level.
Presumably, for an oxygen/nitrogen
palaeoatmosphere at higher than present-
day atmospheric pressure, the implied
increased partial pressure of nitrogen
would have to be accounted for by
increased rates of volcanic outgassing in
the past. We do not know of any geologi-
cal evidence to support or reject this type
of model, and therefore can make no
further comment on this aspect. In the
absence of such data we can only assume
that past atmospheric pressures were
similar to those of the present day. In such
conditions we offer the occurrence of
charcoal in the sedimentary record as a
valuable geological indicator in any pro-
posed palaeoatmospheric models.
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