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A chemical technique has been developed which can isolate elemental carbon
(charcoal, soot etc) derived from biomass burning in any sediment containing any
quantity of elemental carbon. Sediment samples (generally containing 0.01 to 0.001%
elemental carbon) are decarbonated using IN HC1, and silicate minerals are destroyed
by HF/HC1. The demineralized residue, containing organic carbon and elemental
carbon is then subjected to an acid oxidation using a K2Cr2O7/H2SO4 solution. This
procedure destroys 95% of the organic carbon with only minor loss of dense charcoal
particles. The small fraction of remaining acid-resistant organic carbon is then rapidly
destroyed using an additional alkaline oxidation step with a KOH/H2O2 reagent This
leaves a residue composed entirely of elemental carbon. The amount of elemental
carbon is determined by combustion of the sample, cryogenic purification of the
resultant CO2 and manometric measurement of CO2 yield. The carbon-isotope
composition of the CO2 is then determined by mass spectrometry, in order to provide
information on the type of vegetation being burnt

Tests have been carried out on standard charcoals, which have suggested that
the rate at which elemental carbon is oxidized is strongly dependent on surface area.
Leaf charcoal and activated charcoal oxidize comparatively rapidly while dense charcoal
derived from wood and grass stalks oxidize much more slowly. Mass spectrometric
measurement of the carbon-isotope composition of the pre-cursor plant material, the
raw charcoal samples derived from them, and the charcoal samples after progressive
oxidation, has demonstrated that there is little or no isotope fractionation during either
charcoal formation from plant material or from the oxidative preparation techniques.

The technique has been applied to sediments from ODP core 668B from the
Sierra Leone Rise, 'downwind' of the African Sahel. The abundances of carbonate,
opaline silica, aeolian dust and organic carbon have also been determined at 20cm
intervals down the core, as well as the carbon isotope composition (513C) of both the
elemental and bulk organic carbon in the core. A chronology for the core is provided by
an oxygen-isotope (818O) stratigraphy for G. ruber and reference to several identified
biostratigraphic and geomagnetic datums in the core.

EC/dust ratios are uniformly low before 400,000 years BP. At the beginning of
oxygen-isotope stage 10 there is a small peak in EC/dust ratio followed by major peaks
in stages 8, 6, 3 and 1. The peaks do not occur at glacial maxima, and with the
exception of the most recent peak, do not occur in interglacial periods. The most recent
peak is unusual in that it is the only time in the last million years when there has been
extensive biomass burning in an interglacial period, possibly attributable to the
extensive use of fire by Humans in the recent past and present All the earlier peaks in
elemental carbon abundance occur at times when global climate was changing from
interglacial to glacial, and therefore regional climate and vegetation patterns may have
been destabilized and more susceptible to burning. The carbon-isotope composition of
the elemental carbon suggests that the bulk of the carbon burnt during the large scale
events was derived from a C4 source, while a mixed C3/C4 source provided the carbon
at other times.

The concurrence of large biomass burning events with transition periods in
global climate, suggests that large-scale biomass burning may be one mechanism
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whereby terrestrial organic carbon accumulated during interglacial periods is transferred
to other reservoirs at the onset of the following glacial period.

The oxidation techniques developed for the isolation of elemental carbon may
find an additional use in the pre-treatment of samples for 14C AMS analyses. As the
technique destroys organic carbon contamination, it should be ideal for the cleaning of
charcoal samples of organic contamination, and also for the concentration of fine
charcoal from samples where hand-picking of particles is not feasible. Analyses are
underway to test this proposition using fine-grained charcoal from Allen's Cave, a rock
shelter on the Nullabor Plain, for which there already exists good optical and 14C
chronologies.
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Figure 1.
Elemental carbon abundance (% of dry wt), elemental carbon to aeolian dust ratio, and
the 813C value of elemental carbon in ODP 668B, Sierra Leone Rise. The entire record
is approximately one million years long, with isotope stages defined on the basis of the
oxygen-isotope composition of G. ruber.


