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Letter to the Editor
Soil charcoal stability over the Holocene — Comment to the paper
published by de Lafontaine and Asselin, Quaternary Research, v. 76,
2011, pp. 196–200

The purpose of this letter is to give arguments against a Holocene
stability of soil charcoal that appears in de Lafontaine and Asselin
(2011). However, de Lafontaine and Asselin are acknowledged for
their impressive soil charcoal data-set, which contributes to advanc-
ing our understanding of the role of fire in boreal forests (see, for
example, de Lafontaine and Payette, 2012).

Black pyrogenic carbon, of which charcoal is a main form, has
attracted much research interest in recent years (Preston and
Schmidt, 2006; Ascough et al., 2011) and there is data on both the
amount of charcoal that is produced when boreal forests burn (Clark
et al., 1998; Ohlson and Tryterud, 2000) and the size of the charcoal
pool in boreal forest soils (Zackrisson et al., 1996; Ohlson et al.,
2009). In addition, there is a large body of data on historical boreal
forest fires and their return intervals (e.g., Bradshaw et al., 1997;
Niklasson and Granström, 2000; de Lafontaine and Payette, 2011).
Importantly, when data on Holocene fire-return intervals are
combined with data on charcoal production and the size of the
soil charcoal pool, it becomes obvious that the size of the
contemporary soil charcoal pool is too small, given that charcoal
should remain stable over the Holocene. For example, the size of the
soil charcoal pool in the boreal forest averages 150 g m−2 across
Scandinavia (Ohlson et al., 2009); but with a production of 20 to
70 g charcoal m−2 in a single fire event (Clark et al., 1998; Ohlson
and Tryterud, 2000), this implies far too few fire events over the
Holocene, if the soil charcoal was stable.

So, why then is soil charcoal not stable over the Holocene? First,
charcoal is a heterogeneous material and forms a continuum of
compositional types dependent upon production variables, especially
temperature (Ascough et al., 2011). Charcoal produced at low
temperature typically holds lignocellulosic fragments (Ascough et
al., 2008), and such charcoal degrades faster in the soil than high-
temperature charcoal, which shows features of completely ordered
graphite (Ascough et al., 2011). Every forest fire provides unique
combinations of fuels and temperatures that will produce a range of
different charcoal forms, of which some will degrade relatively
quickly, and other slowly. Recalcitrant forms of charcoal will
consequently be gradually overrepresented in the soil charcoal pool
over time.

Second, soil charcoal is an attractive habitat for microorganisms
(Zackrisson et al., 1996; Hockaday et al., 2007), and as the soil
charcoal microbial community is characterized by high biological
activity (Pietikäinen et al., 2000), this contributes to charcoal
alteration and degradation. Here it is likely that low-temperature
charcoal will undergo biologically driven mineralization faster than
high-temperature charcoal (Baldock and Smernik, 2002).
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Third, abiotic processes such as gelifluction and cryoturbation
degrade soil charcoal (Preston and Schmidt, 2006). It is also likely that
a fire event may consume a proportion of the charcoal produced by
previous fires (Kane et al., 2010), although the influence of fire on the
size of the soil charcoal pool remains poorly understood. It is, however,
clear that soil charcoal cannot be generally stable over millennia.
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