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The taphonomy of burned organic residues and combustion features in archaeological contexts (proceedings of the round table, Valbonne, May 27-29 2008, CEPAM)

FROM MICROCHARCOALTO
MACROCHARCOAL: RECONSTRUCTION OF
THE“WOOD CHARCOAL"SIGNATURE IN
PALEOLITHIC ARCHAEOLOGICAL CONTEXTS

Laurent MARQUER

Abstract

The wood charcoal recovered during archaeological excavations represents only a partial image of the anthracological
materials initially produced by human activities. Once buried, these objects are subject to diverse post-depositional
processes that fragment them. While macrocharcoals (>500 pm) can be collected one by one and recorded within

a coordinate system, or can be extracted by flotation and sieving during excavation, smaller fragments, such as

bilingual review of Prehistory

“mesocharcoals” (500-160 um) and micro charcoals (<160 pum), can be isolated from the sediments only through
adapted procedures. A method of extraction and quantification through image analysis has thus been developed
in order to record and evaluate the significance of the elements present in the finest sedimentary fractions. Such
analyses have been applied in a Paleolithic context at the Magdalenian site of Grand Abri on the coteau de La
Garenne (La Garenne hillside) (Saint-Marcel, Indre, France). This work shows that the quantity of charcoal found
in the very fine sedimentary fractions (500-160 um and <160 pum) is greater than that of the macrocharcoals. These
quantifications allow us to reconstruct a “charcoal signature” from the macroscopic to the microscopic scale, and
thus to identify, in situ, the smallest charcoal fractions resulting from the taphonomic processes that modified the

archaeological site.

Keywords : charcoal, microcharcoal, taphonomy, Paleolithic, coteau de La Garenne (La Garenne hillside)
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From microcharcoal to macrocharcoal: reconstruction of the “wood charcoal” signature in Paleolithic ...

The remains of combustion activities in Paleolithic
contexts consist essentially of wood charcoal, burned
bones, burned stones and ash. They originate from the
remains of fireplaces that are more or less structured or
dispersed with an archaeological level. In many Upper
Paleolithic sites, wood charcoal absent or scarce, while
other artifacts resulting from combustion, especially
burned bones, are often abundant (Perlés, 1977; Théry-
Parisot, 1998; 2001; Costamagno et al., 1999; Théry-
Parisot, 2002a; 2002b; Villa et al., 2002; Théry-Parisot
et al., 2005; Yravedra et al., 2005). Some believe that
the high quantity of burned bone in fireplaces, compared
to wood charcoal, could be explained by a limited
collection of wood due to the low arboreous biomass
during the last glacial period. The presence of charcoal
in prehistoric contexts spanning the last 40,000 years
has nonetheless been recorded in diverse cultural and
bioclimatic contexts in Europe from the end of the Middle
Paleolithic to the Final Paleolithic. Consequently, even
if paleoenvironmental evolutions during the last glacial
period in Europe (de Beaulieu & Reille, 1984; 1992a;
1992b; Reille & de Beaulieu, 1988; 1990; Guiter et al.,
2003; Beaudouin ef al., 2007; Naughton et al., 2007)
may have influenced the economy of combustibles,
they cannot alone explain the absence or near absence
of charcoal. The use of bone in fireplaces for economic,
cultural and/or energetic reasons was then supposed
(Théry-Parisot, 1998; 2001; Théry-Parisot, 2002a;
2002b; Villa et al., 2002; Théry-Parisot & Costamagno,
2005; Théry-Parisot et al., 2005).

Since wood is necessary to light a fire (Costamagno
etal.,2005; Théry-Parisotetal.,2005), its combustion
residues should be present in prehistoric occupation
levels. Archaeological excavations only rarely
consider the wood charcoal present in sediments finer
than one millimeter. The smallest charcoal fragments
produced on the surface of wood (or herbaceous
plants) during combustion, then secondarily following
the refragmentation of the largest particles, are thus
not recorded. It is thus possible that some information

concerning the presence of charcoal is lost.

Diverse quantification methods have been developed
for the microparticles of burned vegetal materials, most
of which are undeterminable, and are included in the
category of microcharcoals. These quantifications were
multiplied and perfected at the end of the 1980°s in the
context of quaternary sediments (Clark, 1984; Patterson
et al., 1987; Clark, 1988; McDonald et al., 1991; Clark
& Hussey, 1996; Rhodes, 1998; Carcaillet et al., 2001;
Vanniere, 2001; Thevenon, 2003; Carcaillet, 2007;
Daniau, 2008). Based on these analytical approaches, I
have developed a study protocol for fireplace residues,
from microscopy to macroscopy, in order to evaluate the
potential loss of two combustion signatures (charcoal
signature and burned bone signature) in the finest

sediment fractions.

Several samples are collected depending on their presence
in the sediment and the archaeological feature studied.
They are collected throughout the feature in order to
obtain the best representivity possible. One sample
corresponds to a 100 to 500 cm® volume of sediment.
The sample is then treated in a sieving column (fig. 1).
Water sieving was favored over dry sieving because
by diffusing water homogeneously and at a very low
pressure over the sediment it is possible to remove the
other micro-particles that can be deposited on the macro-,
meso- and microcharcoals, which can hinder observations
during optical analyses. For sediments with a high clay
content, a deflocculation agent can be used (sodium

hexametaphosphate: Na O P,). Sieving meshes of 500

18
um and 160 um were employed in order to extract the
charcoal fragments contained in the macroscopic (>500
um: lowest limit possible for taxonomic identification in
most cases), “mesoscopic’ (500-160 um) and microscopic
(<160 pm: starting limit at which charcoal micro-particles
are analyzed on palynological slides) sedimentary fractions
(Hounslow & Chepstow-Lusty, 2002; 2004; Marquer
et al., 2008a; Marquer, 2009). In these three fractions,

burned bone fragments are found along with the charcoal
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Volume de sédiment archéologique

‘ Fraction macroscopique

La fraction est observée sous une loupe binoculaire
= s

(Stiner et al., 1995; Cain, 2005). To define the
main criteria of identification, experimental

macroscopic samples of wood and bone were

submitted to diverse combustion temperatures,
and then crushed and observed in each of the

sedimentary fractions.

>500 pm
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puis observée au microscope a réflexion
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The macrocharcoals (>500 pum)

puis observée au microscope optique a transmission
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Fig. 1 - Extraction of the three sedimentary fractions: macroscopic
(> 500 pm), mesoscopic (500-160 pm) and microscopic (<160 pm).

fragments. They were thus analyzed in the same manner
as the charcoals to allow a direct comparison of the data
concerning the relative presence of these two types of
combustion remains.

The sediment of the macroscopic fraction was
conserved in a Petri dish before being sorted with the
aid of a binocular magnifier. The mesoscopic fraction
was successively quartered and a final volume of
sediment retained. This volume was placed on a
microscope slide that was specially adapted for analysis
by reflected light microscopy. Finally, a volume of the
microscopic sediment fraction was treated using the
classic palynological procedure (Cour, 1974; Faegri
& Iversen, 1989) in order to eliminate the diverse
mineral and organic fractions of the sediment that can
hinder microscopic observations (Asselin & Payette,
2005). However, the chemical treatment used can bias
the charcoal/burned bone proportions as the acids may
partially dissolve the microfragments of burned bones.
This is particularly true of hydrochloric acid, which
attacks the carbonated elements (Marquer et al., in
press). Consequently, on the microscopic slides, only

the quantifications of microcharcoals are considered.
Discrimination by microscopy
Different procedures were carried out with each of the

sediment fractions in order to clearly discriminate the

black burned bone fragments from the charcoal particles

Charcoal and burned bone fragments are
discriminated based on multiple criteria observed
with a binocular magnifier: colorimetric (black
for charcoal and diverse gradients of color for
burned bone), morphological/anatomical (with
observations of vegetal fibers for charcoal and
cancellous elements for the bone tissues) and
textural (fragment density).

The macrocharcoals possess three observable planes of
wood anatomy and are thus potentially determinable at
the species, gender or family level. The precision of the
identification depends on the taxon and the condition of

the fragment.

The“mesocharcoals” (500-160 um)
The mesoscopic fraction is observed with the aid of a
reflected light microscope in order to discriminate the
charcoal from burned bone based on differences in the
reflection of their superficial structures, which allows
identification of the ligneous or herbaceous vegetal
fibers (fig. 2).

These vegetal meso-particles have two to three
anatomical certain  cases

planes, in allowing

determinations that generally remain imprecise

(Monocotyledons, Dicotyledons or Gymnosperms).

The microcharcoals <160 um

The microcharcoals present in the microscopic
fraction (<160 pm) are observed with an optical
transmission microscope. The minimal dimension for
the discrimination of vegetal micro-particles retained
in our analyses is approximately 20 pm. These micro-
elements are produced during combustion and then
secondarily by the refragmentation of macrocharcoals

and mesocharcoals. Based on their shape and structure,

www.palethnologie.org
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no visible isti

structures. In addition, these micro-

particles are generally opaque in

transmitted light due to the thickness

of the fragments, and probably to the
¥ b{ ‘

Fig. 2 - Mesoscopic fraction (500-160 pum) observed with a reflected light
microscope: fragments of charcoal (a, b) and burned bone (c, d).

it is sometimes possible to identify cellular elements in
one of the anatomical planes of wood or other vegetal

organs (fig. 3; fig. 4).

J N ]
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Fig. 3 - Percentages of the different types of microcharoals
(<160um), observable on palynological slides (study conducted
with ground wood charcoal) A: opaque microparticles with
cellular remains, B: opaque microparticles with an angular
form, C: opaque microparticles with an elongated form, D: other
types of opaque microparticles, E: translucent microparticles.

Very few micro-particles with cellular forms are
observable on the microscopic slides. This is probably
because most of the macro and mesocharcoals are
fragmented along a longitudinal axis, rather than a
transversal one. Some internal parts of vessels with
intervascular punctuations can also be identified and
correlated withalongitudinal fragmentation. Meanwhile,
opaque black particles with an angular form constitute

the largest proportion of the vegetal micro-elements

From microcharcoal to macrocharcoal: reconstruction of the “wood charcoal” signature in Paleolithic ...

observed. These latter may correspond
to longitudinal fragmentations with

characteristic  vegetal

degree of combustion as well.

The discrimination of vegetal micro-
particles in this microscopic fraction

is thus realized based on optical

density and morphological criteria:

black color, opaque, angular form,

sometimes with the presence of well
600 pm

defined vegetal cells (Patterson et al.,
1987; Clark, 1988).

Quantification of the charcoal signature

Quantifications of charcoals are most often expressed
as numbers of charcoal objects. These counts, which
represent a final state of fragmentation, are influenced
by the hazards of fragmentation (Chabal, 1992; 1997;
Chabal et al.,

microcharcoals, the results are calculated as a surface

1999). In paleoecological analyses of

concentration of charcoal (cm?) per volume of sediment
treated (cm™). These global quantifications in the form
of a surface do not take into account the final state
of fragmentation and thus ignore the hazards of the
fragmentation. In effect, if we take the example of a
sample containing a charcoal whose largest surface
is 20 mm?, fragmented into four 5 mm? elements,
the value attributed to the sample is 4. This value is
dependant on the fragmentation processes. On the other
hand, in the case of surface measures, whatever the
number of resulting fragments, the original surface will
be reconstituted (4 x 5 mm? = 20 mm?). These measures
thus allow us to compare the different sedimentary
fractions with each other and to add them to obtain
a total, while eliminating the hazards linked to the
fragmentation processes, with the goal of reconstituting
the global charcoal signature present in the sediments.

We have applied this quantification scale to the three
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Microcharbons avec des structures cellulaires végétales

observables selon la section transversale

Microcharbons opaques sans structures cellulaires
végétales apparentes

Vaisseaux

Rayons

- »
Microcharbons avec des ponctuations intervasculaires correspondant
a des parois de vaisseaux selon une section longitudinale

Fig. 4 - Different types of microparticles present on pollen slides observed through optical transmission microscopy

(observations made with ground wood charcoal).

sedimentary fractions, allowing us to measure the
concentrations on the macroscopic, mesoscopic and
microscopic scales. It is important to note that the
quantification of surfaces underestimates the relative
quantity of macrocharcoals relative to microcharcoals.
This is because the macrocharcoals have a third side
(thickness that we do not see) that is on average larger
than the micro-particles. The surfaces thus give an
approximation of the volumes that overestimates the
small fragments relative to the larger ones. Meanwhile,
our analyses were applied to sites characterized by a
great scarcity or absence of macrocharcoals and the few
macrocharcoals found have very small volumes, thus
minimizing this bias.

An image analysis method that allows an automatic
quantification of charcoal surfaces was developed
following Marquer er al (2008b). This method
calculates the total surfaces of each size class (>500um;
500-160pm; <160pm). The samples are scanned with a
camera connected to a computer. For each sample, the

field of numeric observations is captured and analyzed

with an image analysis program (©Image J.1.41) that
allows identification of the burned particles based on
their gray levels (fig. 5). A threshold of the image is then
manually set by the analyst after identification of the
nature of the particles. Several calculation parameters
can then be obtained for all of the numeric fields of a
sample, such as the average surface of a particle and the
total surface of all the particles present. Based on these
measures, we calculated for each sample the average
surface of a particle (cm?, mm? or um? depending on the
sedimentary fraction analyzed) and the concentrations

(cm? cm) for each sediment fraction.

First applications in an archaeological context

We present here the case of the “Grand Abri” rock
shelter located on the coteau de La Garenne (La
Garenne hillside) (Saint-Marcel, Indre, France), which
contains archaeological levels dated to the Middle
Magdalenian (fig. 6; for a summary of the archeological

data of this site, see Allain, 1985 and Despriée et

www.palethnologie.org
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Fraction macroscopique

Fraction mésoscopique |

Fraction microscopique

A. Acquisition des images a 1'aide d'une caméra couplée a un ordinateur

Observation d'un champ sous la loupe binoculaire

Observation d'un champ en microscopie a réflexion |Observation d'un champ en microscopie a transmission

B. Analyse des images a 1'aide du logiciel Image J.1.41

B.1. Discrimination/Seuillage des niveaux de gris

Permet de discriminer les fragments ou microparticules des autres éléments présents sur I'image

Image en niveaux de gris

Image aprés seuillage Image en niveaux de gris

Image apres seuillage Image en niveaux de gris ~ Image aprés seuillage

B.2. Traitement de I'image par des anamorphoses successives
Permet d'obtenir un contour des éléments en mode binaire

’ o R

L e | s

‘ ’ dJ P

Image apres seuillage Discrimination des fragmentg

Image apres seuillage Discrimination des fragments

Image apres seuillage Discrimination des fragments

B.3. Quantifications et mesures automatiques des fragments

Permet d'obtenir les nombres, les surfaces individuelles moyennes et totales des éléments présents

Total Sample 18:

Count: 10
Mean size: 0.209 cm?
Total Area: 2.098 cm?

Sample 21:

Count: 1
Mean size: 0.263 mm?
Total Area: 0.263 mm?

Sample 14:

Count: 1
Mean size: 1556.316 pm?
Total Area: 1556.316 pm?

Fig. 5 - Synthesis of the procedure for quantifying macro-, meso- and microcharcoals though image analysis.
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Fig. 6 - North-south profile of the coteau de La Garenne
(Saint-Marcel, Indre, France): location of the Grand Abri
rock shelter.

al., 2004). Two hearths in stratigraphic position in
archaeological levels (A and B) were fully excavated.
Descriptions of the combustion features at La Garenne
are available in the field notes of Dr. Jacques Allain
(Musée Argentomagus at Argenton-sur-Creuse) and in
the publication by Allain (1953).

During the excavations directed by Dr. Allain (1946-
1976), a near absence of wood charcoal was noted. Our
search for charcoal remains within the fine sediment
fractions confirms these first observations (fig. 7). The
charcoal concentrations are indeed very low and only a
few very small macroremains are preserved. Intensive
fragmentation is likely responsible for the alteration of the
macrocharcoals. In addition, we find the signature of these
remains almost solely in the mesocopic and microscopic
fractions. Charcoals are thus present, but are too small to
have been extracted during excavation, suggesting a loss
of information concerning hearth residues.

Pre- and post-depositional processes that modify
wood charcoal must thus be considered. The main pre-

depositional factors linked to combustion and that can
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Fig. 7 - Results of the quantifications of combustion
signatures (charcoal and burned bone) in the hearths of
archaeological levels A and B of the Grand Abri. The
micro-fragments of burned bone observed on the pollen
slides are not quantified because they are partially altered
by the chemical procedure employed in palynology.

influence the preservation of charcoal are the nature of
the wood (dead, green or drift wood) (Théry-Parisot,
2001; Théry-Parisot & Texier, 2006), the vegetal species
collected and the combustion duration and temperatures
related to the functioning of the hearth (Théry-Parisot,
2002a). Dr. Allain (1953) supposed that the near absence
of charcoal in the archaeological levels of La Garenne
could be due to a nearly total combustion of wood. The
presence of bones in the hearths, which increases the
combustion duration (Théry-Parisot, 2002a), could
have played an important role in the reduction of the
macrocharcoal mass, which would partially explain their

low frequencies. Post-depositional processes, such as

climatic and/or edaphic factors (freeze/thaw, sediment
humidity, sediment compaction), biological activities
(roots, fungi) and numerous human activities repeated
near the hearth (Thinon, 1992; Théry-Parisot, 1998),
can favor the “elimination” of charcoals. Charcoals do
not appear to be altered by chemical and/or biochemical
agents in the soils (Thinon, 1992; Nichols ef al., 2000),
even if certain authors speak of elements such as
oxidation, which could nuance this hypothesis Cohen-
Ofti et al., 2006; 2007).

During his excavations, Dr. Allain also noted high
quantities of burned bone elements. This second
combustion signature, which we have quantified,
confirms that this abundance remains constant in the
mesoscopic fraction. Burned bones are subject to the
same combustion effects and post-depositional processes
as charcoal. However, the different physico-chemical
constitution of burned bones must be taken into account
as burned bone fragments are denser and thus probably
more resistant to taphonomic processes than wood
charcoal, which is more friable. The quantity of burned
bones relative to charcoals could thus increase in function

of the intensity of the taphonomic processes.

The procedure of extraction/quantification by image
analysis defined experimentally and then applied to the
Magdalenian hearths of the Grand Abri has revealed
the presence of macrocharcoals (>500 um). However,
since the concentrations are low and the surfaces of
the macrofragments are very small, it is impossible to
extract them during the archaeological excavation of
this site without an adapted procedure. The fact that
the entire charcoal signature is present in the very fine
sediment fractions (<160 pm) suggests a significant
that the wood charcoal was fragmented. The resulting
“micro-remains” thus constitute the main source
information concerning the presence of combustion
residues, and for this reason must be recorded.

Following the numerous taphonomic processes that
can modify an archaeological level, the differential

fragmentation of wood charcoal and burned bones could

www.palethnologie.org
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result in an overestimation of the burned bone fragments.
However, the total concentrations of charcoal present
in all the sedimentary fractions, from the coarsest to
the finest, thus integrating the refragmented fractions,
remains inferior to the sum of the concentrations of
macro- and meso-fragments of burned bones. This
suggests that burned bones were indeed abundant in the
hearths at La Garenne, on the condition that they were
submitted to a rate of refragmentation or disappearance
equal to that of the wood charcoal, which is not certain
due to their greater mechanical resistance. These first
analyses of the microremains of combustion contribute
important information and raise numerous questions
concerning the presence of residual combustion
elements in hearths. It will thus be beneficial to continue,
develop and enlarge their application to the ensemble
of identifiable residual combustion elements, such as

phytoliths, seeds, manures and lignins.

Département de Préhistoire du Muséum national
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