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Figure 3. Macroscopic charcoal particles (arrow) left after washing sediment through a 250 µm screen.

Methods

Charcoal is produced between temperatures of 280 and 500 ◦C (Chandler et al., 1983).
Higher temperatures convert the material to ash through glowing combustion and lower
temperatures may lightly scorch the material, but not char it. Charcoal particles are visually
recognizable as opaque, angular and usually planar, black fragments (Fig. 3). Other black
particles in sediments, such as minerals, plant fragments, and insect cuticles, may sometimes
be confused with charcoal. Minerals are, however, distinguishable by their crystalline form,
such as the octahedral or cubic shape of pyrite, or by their birefringence in polarized
light (Clark, 1984). Insect cuticles are thinner than charcoal. Dark plant fragments can be
distinguished from charcoal by applying pressure to the particles using a dissecting needle.
Charcoal particles fracture under pressure into smaller angular fragments, whereas plant
fragments impale or compress.

The visual and physical characteristics of charcoal may be learned by looking at and
breaking experimentally created charcoal (Umbanhower & McGrath, 1998) and by examin-
ing published photographs (Clark, 1984; Sander & Gee, 1990). Burning of plant material at
350 ◦C appears to provide the greatest amount of charcoal. The created charcoal should be
processed using the same steps employed for the fossil charcoal (see procedures described
below). Even so, experimentally produced particles will not have undergone the same
taphonomic processes as the sedimentary material and will have slightly different shape
characteristics (Umbanhower & McGrath, 1998).

One issue in fire-history studies has been the lack of a standardized methodology. Several
methods have been proposed for processing charcoal samples and quantifying the results
(Table I). Methods concerned with fire occurrence in a general way have focused on the
analysis of microscopic charcoal (with size fractions <100 µm size) on pollen slides (e.g.,
Swain, 1973; Cwynar, 1978; R. L. Clark, 1982). In this approach, the number or area of
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•  Charcoal	transported	and	preserved	in	natural	
archives	
– Sediments:	lacustrine,	marine,	fluvial,	in	bog	
– Soils,	paleosoils		

•  Long-term	reconstruc7ons	of	fire	history	
– Complement	and	extend	reconstruc7ons	from	
dendrochronological	and		historical	records	

CHARCOAL AS A FIRE PROXY 3

Figure 1. Schematic diagram of illustrating the sources of primary and secondary charcoal in a watershed.

the top sample than did sites upwind. The results suggest that lakes that received highest
charcoal inputs lay inside the burned perimeter or just downwind of the site.

In a third study, J. S. Clark et al. (1998) described the abundance and particle size of
charcoal collected in a series of traps during a prescribed fire in Siberia in 1993. Charcoal
abundance dropped off sharply at the edge of the burned margin. In both the Siberian
and Cascade studies, the observed sharp decline was not consistent with the presence of a
skip distance (i.e., a zone of no charcoal deposition at the base of the convective column),
although charcoal accumulation at great distances was not evaluated. In the Siberian study,
particle size distributions were the same in traps from the burned area as they were for those
located 80 m beyond the burn.

The fourth study examined 704 charcoal traps distributed within, and up to 100 meters
outside, of three separate experimental fires in boreal Scandinavia (Ohlson & Tryterud,
2000). Traps within the burned area contained 56× more large particles (i.e., >0.5 mm
diameter) than traps outside the fire perimeter. Moreover, large particles were found in about
80% of the traps inside the fire perimeter, in about 25% of traps located 0.1 to 0.9 meters
outside the perimeter, and in <5% of the traps located 1 to 100 meters of the fire. These
results confirm that macroscopic charcoal is not transported far from the fire margin.

Emissions of particulate matter vary depending on the fire and fuel conditions that
affect combustion efficiency. Fires of low intensity (i.e., low heat release per unit time) are
known to produce high emissions of particulate matter, because of their low combustion
efficiency (Pyne et al., 1996). However, large particles are often associated with high-
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Take	cores	at	the	center	of	the	lake.	
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2.	Sampling	the	water-sediment	interface	

Kajak	–	Brinkhurst	corer	

Lac	Doukoulou,	Central	African	Republic	
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2.	Sampling	the	water-sediment	interface	
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2.	Taking	deep	sediments	
Russian	corer	
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Sediment	da7ng	

•  For	recent	sediments	<	200	years	à	210Pb	da7ng		
–  bulk			

•  For	>	200	years	à	14C	da7ng			
–  Charcoal,	macroremains,	bulk		
–  Radiocarbon	years	are	then	converted	to	calendar	
years		

•  Sufficient	chronological	controls	(=	number	of	
dates	per	paleosequence)	
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Charcoal	typology	

•  Charcoal	produc7on	

processes affecting production, transport, settling, and filtering
represents a real challenge (Giraud, 2006).

Many studies exploit the carbon-rich materials produced by
fires (e.g. charcoal and soot), which can be described as part of
a ‘‘combustion products continuum’’ (Table 1, see Supplementary
Material for related bibliography) that reflects the multiplicity of
combustion products which are often difficult to unambiguously
recognize or distinguish in the environment (Goldberg, 1985;
Schmidt and Noack, 2000; Hedges et al., 2000; Masiello, 2004).
From a methodological point of view, every element of the
combustion products continuum in every sedimentary situation
may be used for reconstructing past fire regimes. Similarly, every
individual or combined methodological approach has its own
specific set of advantages and inconveniences in terms of infor-
mation reliability, time span of reference, and temporal/spatial
resolution of fires (Fig. 2).

There is, however, still a lack of agreement in terms of how to
define fire-derived materials, the best choice of extraction proce-
dures, and the recognition of the processes involved in their
formation and sedimentation. Similarly, organizing the different
proxies in a systematic way according to predefined categories is
not always unambiguously possible. Fire proxies such as intact or
altered products of plant combustion (fossil charcoals, charcoal
remains, pyrochemical particles), partially combusted biological
materials (fire scars, charred bones, charred plant macrofossils), or
incombustible materials exhibiting heating evidences (fire cracked
rocks, heating reactions in minerals, fire-induced surface weath-
ering of stones) are usually considered direct indications of
palaeofires (Tables 2 and 3 and Supplementary Material for related
bibliography). Indirect fire proxies include sedimentary evidence of
variations in ecosystem processes and phenomena deriving from
deferred reactions to fire events or to changes in fire regime, such as

Table 1
Properties of the combustion continuum components.

The wedge-shaped shading indicates growing or decreasing values of the variables (adapted from Hedges et al., 2000; Masiello, 2004; Hammes et al., 2007 and others).

M. Conedera et al. / Quaternary Science Reviews 28 (2009) 435–456 437

Conedera	et	al.,	2009.		
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•  Microcharcoal	(<	100	μm)	
– Pollen-slide	
– Regional	origin	(windborne,	>	20km)	

Landcare	Research	
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•  Macrocharcoal	(>	100	μm)	
– Sieved	(con7guously)	
– Local	to	extra-local	origin	CHARCOAL AS A FIRE PROXY 7

Figure 3. Macroscopic charcoal particles (arrow) left after washing sediment through a 250 µm screen.

Methods

Charcoal is produced between temperatures of 280 and 500 ◦C (Chandler et al., 1983).
Higher temperatures convert the material to ash through glowing combustion and lower
temperatures may lightly scorch the material, but not char it. Charcoal particles are visually
recognizable as opaque, angular and usually planar, black fragments (Fig. 3). Other black
particles in sediments, such as minerals, plant fragments, and insect cuticles, may sometimes
be confused with charcoal. Minerals are, however, distinguishable by their crystalline form,
such as the octahedral or cubic shape of pyrite, or by their birefringence in polarized
light (Clark, 1984). Insect cuticles are thinner than charcoal. Dark plant fragments can be
distinguished from charcoal by applying pressure to the particles using a dissecting needle.
Charcoal particles fracture under pressure into smaller angular fragments, whereas plant
fragments impale or compress.

The visual and physical characteristics of charcoal may be learned by looking at and
breaking experimentally created charcoal (Umbanhower & McGrath, 1998) and by examin-
ing published photographs (Clark, 1984; Sander & Gee, 1990). Burning of plant material at
350 ◦C appears to provide the greatest amount of charcoal. The created charcoal should be
processed using the same steps employed for the fossil charcoal (see procedures described
below). Even so, experimentally produced particles will not have undergone the same
taphonomic processes as the sedimentary material and will have slightly different shape
characteristics (Umbanhower & McGrath, 1998).

One issue in fire-history studies has been the lack of a standardized methodology. Several
methods have been proposed for processing charcoal samples and quantifying the results
(Table I). Methods concerned with fire occurrence in a general way have focused on the
analysis of microscopic charcoal (with size fractions <100 µm size) on pollen slides (e.g.,
Swain, 1973; Cwynar, 1978; R. L. Clark, 1982). In this approach, the number or area of

Whitlock	and	Larsen,	2001.		

drainage patterns of the watershed. This may result from charcoal
release from burned logs, secondary re-suspension and redeposi-
tion of charcoal particles inside the lake as well as sediment
remixing and sediment focussing (Whitlock and Millspaugh, 1996;
Edwards and Whittington, 2000; Whitlock and Anderson, 2003).
Recent systematic radiometric studies unambiguously document
that macrocharcoal sedimentation may be severely affected by
reworking (Oswald et al., 2005).

Appropriate sampling, analytical and interpretation methods
and techniques must be used to gain reliable data and information.
For instance, thin section and sieving techniques have proven to be
a good proxy for local fire history reconstruction (Tinner et al.,
1998). However, thin sections are an expensive and time-
consuming approach, whereas the sieving method is much more
convenient but still needs to be standardised (e.g. minimum sieving
mesh diameter for excluding charcoal from distant fires, minimum

Table 7
Selected examples of fire-regime descriptors used in dendrochronology (see Supplementary Material for related bibliography).

Basic parameter
sub-parameters

Acronym Definitions

Mean fire interval MFI Average number of years between successive fires in a given area over a given time period
Point mean fire interval PMFI Calculated on fire data recorded on an individual tree
Composite mean fire interval CMFI Calculated on the complete record of fire dates in an area
Filtered composite mean fire

interval
FMFI Calculated on the filtered record of fire dates in an area (including only fire dates that that occur on a percentage greater

than a defined threshold)
Average interval between

major fires
Mean fire interval between selected or filtered fire dates

Mean fire occurrence period MFOP Total length of the period of time considered divided by the number of fire events in the composite fire scar chronology
Weibull median probability

interval
WMPI Fire interval at which there is a 50% probability of longer (or shorter) fire intervals occurring, based on the fitting of

a Weibull-type curve (model) to the fire interval distributions
95% and 5% Exceedance

intervals
Fire intervals delimiting significantly short or long intervals identified by calculating the theoretical fire interval
associated with the .95 and .05 exceedance probability levels

Maximum hazard fire interval MaxHI Time in years at which the 100% probability level is reached in the Weibull distribution, representing the maximum
fire-free period possible in the modeled distribution

Origin-to-scar interval OS Interval between the year of origin of the tree and the occurrence of the first fire scar
(Natural) fire rotation FR Average number of years required (in nature) to burn-over an area equivalent to the study area
Fire cycle FC Number of years required to burn-over the total area (expressed as negative exponential distribution)

Fig. 4. Reconstructing fire history from lake sediments. In the upper part: charcoal production, transport and deposition in lacustrine sediments (including taphonomy); In the
lower part: paleofire-regime reconstruction by [1] charcoal collection (sampling techniques and procedures), [2] preparation and extraction of the sediment fraction of interest
using physical (sieving, filtering, washing, etc.) or chemical processes (oxidation, digestion, etc.), [3] quantification and characterization of the pyrogenic fraction (manual counting,
automatic counting, weight measurements, spectrometry, chromatography, NMR spectroscopy, thermogravimetry, differential scanning calorimetry, scanning electron microscopy,
etc.), [4] analysis and processing of the data. Modified from Patterson et al. (1987), Whitlock and Larsen (2001), and Whitlock and Anderson (2003).

M. Conedera et al. / Quaternary Science Reviews 28 (2009) 435–456444

drainage patterns of the watershed. This may result from charcoal
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Edwards and Whittington, 2000; Whitlock and Anderson, 2003).
Recent systematic radiometric studies unambiguously document
that macrocharcoal sedimentation may be severely affected by
reworking (Oswald et al., 2005).

Appropriate sampling, analytical and interpretation methods
and techniques must be used to gain reliable data and information.
For instance, thin section and sieving techniques have proven to be
a good proxy for local fire history reconstruction (Tinner et al.,
1998). However, thin sections are an expensive and time-
consuming approach, whereas the sieving method is much more
convenient but still needs to be standardised (e.g. minimum sieving
mesh diameter for excluding charcoal from distant fires, minimum

Table 7
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a Weibull-type curve (model) to the fire interval distributions
95% and 5% Exceedance

intervals
Fire intervals delimiting significantly short or long intervals identified by calculating the theoretical fire interval
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fire-free period possible in the modeled distribution

Origin-to-scar interval OS Interval between the year of origin of the tree and the occurrence of the first fire scar
(Natural) fire rotation FR Average number of years required (in nature) to burn-over an area equivalent to the study area
Fire cycle FC Number of years required to burn-over the total area (expressed as negative exponential distribution)

Fig. 4. Reconstructing fire history from lake sediments. In the upper part: charcoal production, transport and deposition in lacustrine sediments (including taphonomy); In the
lower part: paleofire-regime reconstruction by [1] charcoal collection (sampling techniques and procedures), [2] preparation and extraction of the sediment fraction of interest
using physical (sieving, filtering, washing, etc.) or chemical processes (oxidation, digestion, etc.), [3] quantification and characterization of the pyrogenic fraction (manual counting,
automatic counting, weight measurements, spectrometry, chromatography, NMR spectroscopy, thermogravimetry, differential scanning calorimetry, scanning electron microscopy,
etc.), [4] analysis and processing of the data. Modified from Patterson et al. (1987), Whitlock and Larsen (2001), and Whitlock and Anderson (2003).

M. Conedera et al. / Quaternary Science Reviews 28 (2009) 435–456444
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Charcoal	morphology	

•  Reflects	fuel	type	

specific fuels, such as morphotypes A5, C1, C2,
C3, C6, and F1 (Figure 3). Morphotypes A3 (h)
and B3 (i) could be produced from the burning
of a wide range of materials including wood,
punky (decomposing) wood, leaves, and her-
baceous parts. The burning of conifer needles

produced charcoal of morphotypes B3 (Table
2), C1 (k,l), C2 (Table 3), and C3 (m). A
three-dimensional lattice similar to B5 char-
coal could be created through the breaking of
the charred internal structure of conifer needles
in the laboratory; yet this morphotype was not

Figure 3. Photographs of representative charcoal morphotypes under a stereomicroscope produced by
open flame burning of known fuels. White scale bar represents 500 mm. Note that some morphotypes could
be produced by multiple fuel sources and the samples presented here are only those produced from the fuel
types described.
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Charcoal	morphology	

•  Reflects	fuel	type:	example	in	the	tropics	
Morphology	

Width-to-length	ra7o	(W/L)	

Umbanhowar	et	Mcgrath,	1998;	The	Holocene	
Jensen	et	al.,	2007;	The	Holocene	

W/L	<	0.5	à	grassy	
fuel	type	

	

	W/L	>	0.5	à	woody	
fuel	type	

	



Charcoal	morphology	

Doukoulou	(S/F	mosaics)	

Gbali	(Savanna)	

Nguengué	(Forest)	

W/L	<	0.5	
Savanna	burning		
à	Grass	fuel	type		

Before	1980:		
W/L	>	0.5	
Aher	1980:		
W/L	<	0.5	

à	Deforesta.on	

Before	1980:		
W/L	>	0.5	
Aher	1980:		
W/L	<	0.5	

à	Deforesta.on	



CHAR	7me	series	
•  2	components:	
– Background	(slowly	varying	trend)	
– Peaks	->	Noise	and	Fire	
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CHAR	7me	series	

•  Reconstruc7ng	fire	events	à	fire	frequency	

•  Parameteriza7on	of	the	procedures	à	Need	for	
calibra7on	
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Calibra7on	work	
•  Background	component	->	mul7ple	sources	(fire-
related	processes,	redeposi7on…)?	
–  Disentangling	them	to	improve	fire	history	reconstruc7on	

(iden7fica7on	of	peaks)	

relationships between charcoal accumulation and sedimenta-
tion rates, fire-episode frequency and the abundance of woody
vegetation. We compared late-Holocene (last 4000 years)
BCHAR with present-day climate and site characteristics to
better understand how physical site-specific variables influence
mean charcoal accumulation. Holocene trends in the charcoal
data were also examined in light of long-term changes in
sedimentation rates, fire-episode frequency and woody fuel
biomass. The results from this investigation help refine our
interpretation of charcoal records and identify a long-term
relationship between fire, fuels and climate in forests of the
northwestern USA.

Study area and sites

The study area encompassed sites in the Oregon Coast Range
(OCR), the Klamath-Siskiyou mountains (K-S) and the
Northern Rocky Mountains (NRM) (Table 1), and covered
over 500 000 km2 of varied topography, climate and vegetation.
Taylor, Lost and Little lakes in the OCR were lowest in
elevation (6!449 m elevation) and received the highest annual
precipitation. These sites are located in closed rainforest of
Tsuga heterophylla (western hemlock), Pseudotsuga menziesii
(Douglas-fir), Picea sitchensis (Sitka spruce) and Alnus rubra
(red alder) (Long et al., 1998; Long and Whitlock, 2002; Long,
2003) and experience high-severity fires with frequencies that
average two to seven fire episodes per 1000 years at present
(Long, 2003).

Four sites (Bolan, Crater, Bluff and Cedar lakes) in the K-S
are from intermediate elevations (1683!2288 m elevation) with
high winter precipitation and diverse conifer forests of Pinus
monticola (western white pine), P. albicaulis (whitebark pine),
P. contorta (lodgepole pine), P. Jefferyi (Jeffery pine), Pseu-
dotsuga menziesii, Abies magnifica (red fir), Abies concolor
(white fir), Calocedrus decurrens (incense cedar) and many
other conifers (Mohr et al., 2000; Briles et al., 2005). The K-S
sites have a mixed-severity fire regime at present, with both
surface and crown fires (Mohr et al., 2000; Whitlock et al.,
2004).

In the NRM, Foy Lake is located at the lower forest-steppe
margin (1006 m elevation) in the Flathead Valley of Montana.
It is surrounded by steppe and forests of Pseudotsuga menziesii,
Pinus ponderosa and Larix occidentalis that support frequent
fires (40!70 episodes/1000 yr) and a mixed-severity fire regime

(Power, et al., 2005). Four lakes in subalpine (Burnt Knob,
Baker and Hoodoo lakes) and montane forest (Pintlar Lake)
(1770!2250 m elevation) of northwestern Montana and
northern Idaho support infrequent, stand-replacing fires
(3!9 episodes/1000 yr). The montane forest around Pintlar
Lake (1921 m elevation) is dominated by P. contorta. Hoodoo
Lake (1764 m elevation) is surrounded primarily by P. contorta

and P. menziesii. Baker Lake (2300 m elevation) lies in
subalpine forest dominated by P. albicaulis and Larix lyalli

(subalpine larch) on dry slopes, and Abies bifolia (subalpine fir)
and Picea englemannii (Englemann spruce) on wetter slopes. A.

bifolia, P. albicaulis, and P. contorta are the dominant species
around Burnt Knob Lake (2250 m elevation). Slough Creek,
Cygnet and Trail lakes lie in montane forest and at the lower
forest-steppe margin (1884!2530 m) in Yellowstone National
Park (YNP). Slough Creek Lake (1884 m elevation) is located
within Artemisia tridentata (sagebrush) steppe and open forests
of Pseudotsuga menziesii. The site experiences relatively
frequent, low-severity fires (20!50 episodes/1000 yr) (Mill-
spaugh, 1997). P. contorta forest surrounds Cygnet Lake (2530
m elevation) (Millspaugh et al., 2000) and P. menziesii, P.

contorta, Abies bifolia and P. engelmannii are present at Trail
Lake (2362 m elevation) (C. Whitlock and R. Sherriff,

unpublished data, 1997). The latter two sites have infrequent
stand-replacing fires at present (2!5 episodes/1000 yr).

The seasonality of precipitation is an important site
characteristic related to long-term changes in fire activity and
fire-episode frequency (Whitlock and Bartlein, 2004; Brunelle
et al., 2005). The sites can be grouped into two categories
according to the ratio of summer to annual precipitation
(Whitlock and Bartlein, 1993). ‘Summer-dry’ sites lie in the
region where summer precipitation is currently suppressed by
the northeastern Pacific subtropical high-pressure system. This
high-pressure system causes widespread subsidence over the

northwestern USA, leading to especially dry summer condi-
tions in the OCR, K-S and parts of the NRM. ‘Summer-
wet’ sites exist where monsoonal circulation has a stronger
influence!to the east of the Continental Divide. In such areas,
moisture is drawn northward from the Gulf of Mexico and
eastern subtropical North Pacific into the Southwest and
farther north into the NRM during the summer. At present,
most locations (11 out of the 15 sites) exhibit summer-dry
patterns, whereas three are summer-wet (Baker, Pintlar and
Slough Creek lakes) and one is transitional (Foy Lake).
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Figure 1 Map of the northwestern USA showing locations of fire history study sites

1060 The Holocene 16 (2006)

Northwestern	USA	

Marlon	et	al.,	2006	

!/4000 years (Figure 4B). For example, standardized BCHAR
were relatively high at c. 3000 cal. yr BP and relatively low at
c. 1500 cal. yr BP. The record from Lost Lake showed
fluctuations during the last !/8000 cal. yr, and BCHAR at
Taylor Lake declined from !/4000 cal. yr BP to present (Long,
2003). Average AP percentages showed no clear trend.

NRM climate group
Standardized BCHAR data from Foy, Hoodoo, Pintlar and
Burnt Knob lakes showed similar patterns (Figure 4C). Trends
and variability in the Hoodoo and Pintlar lake records in
particular were similar through the Holocene, and BCHAR
from Foy Lake followed the same general pattern during the
past !/ 2500 years. BCHAR from Burnt Knob Lake showed a
more irregular pattern than at Hoodoo or Pintlar lakes, but
BCHAR levels in general increased from c. 11 000 to 1600 cal.
yr BP. BCHAR at Foy, Hoodoo, Pintlar and Burnt Knob lakes
reached their Holocene maxima at c. 1600 cal. yr BP, followed
by a substantial decline until c. 1000 cal. yr BP. BCHAR was
variable at all four lakes during the last 1000 years but was
generally lower than previously. Mean AP percentages for
these four sites were relatively high in the Late Glacial and late-
Holocene periods. Mean AP and BCHAR both displayed
gradual increases from the beginning of the middle Holocene
to the middle of the late Holocene.

YNP/high-elevation climate group
Baker, Slough Creek, Cygnet and Trail lakes are located in
different environmental settings; however, they tended to show
increasing BCHAR during the Late Glacial period and high
BCHAR in the middle Holocene. BCHAR at Baker and Trail
lakes decreased in the late Holocene, whereas that at Cygnet
and Slough Creek lakes remained high. During the last few
centuries, Baker, Slough Creek and Trail lakes showed sharply
increasing BCHAR. Average AP percentages increased with

BCHAR in this region from the Late Glacial period to the
middle Holocene, but AP remained high during the late
Holocene while BCHAR at Baker and Trail lakes declined.

Broad-scale trends in background charcoal
Despite large differences in modern climate, vegetation, fire
regimes and topography, the smoothed 15-record BCHAR
mean displayed a long-term trend (Figure 5A). Mean BCHAR
anomalies increased rapidly from 14 000 to c. 10 000 cal. yr BP,
and recorded a distinct period of high BCHAR from c. to
11 600 cal. yr BP, which was coincident with the Younger
Dryas (YD) interval (12 900 to 11 600 cal. yr BP; Alley et al.,
1993). BCHAR gradually increased from c. 10 000 to 1600 cal.
yr BP, with the exception of the interval from c. 8200 to 6800
cal. yr BP, when BCHAR increased sharply again. BCHAR
fluctuated for the remainder of the Holocene, declining from
c. 1600 to 1200 cal. yr BP, increasing from c. 1200 to 900 cal. yr
BP, declining from c. 900 to 500 cal. yr BP and then increasing
sharply in the last !/500 years. The addition of new records to
the mean did not account for the overall increase in BCHAR
towards present (see Figure 5A), inasmuch as notable increases
from the early Holocene to the late Holocene were apparent
in individual long records (ie, at Bluff, Crater, Little, Burnt
Knob, Hoodoo, Foy, Baker, Slough Creek and Pintlar lakes;
Figure 3). The increase in BCHAR towards present also did
not match synchronous changes evident in multiple BCHAR
records, such as the decline in charcoal abundance after c. 1600
cal. yr BP at Foy, Hoodoo, Burnt Knob and Pintlar lakes.

Smoothed means for AP percentages (Figure 5A), sedimen-
tation rates (Figure 5B), and peak frequency (Figure 5B) were
calculated to explore these factors as potential controls on
BCHAR. Millennial-scale trends in AP percentages paralleled
those of BCHAR, generally increasing at a rate similar to
BCHAR from the Late Glacial period to the late Holocene.
Centennial-scale variations between BCHAR and AP, however,
were dissimilar. Likewise, trends in peak frequency and
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Figure 5 Holocene trends in (A) the smoothed mean of 15 standardized background charcoal records (thick black line) and arboreal pollen
percentages (grey line) and (B) the smoothed sedimentation rate mean (black line) and fire-episode frequency mean (grey line) for 15 records.
The numbers of records that make up the means at any given time are plotted below the trends in colours that correspond to the trend lines
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Similarity	in	trends	of	BCHAR	and	woody	pollen	taxa	
->	background	charcoal	influx	is	a	func7on	of	fuel	
characteris7cs,	which	in	turned	is	governed	by	
climate	and	vegeta7on	



Calibra7on	work	
•  Fire	events:	comparing	dendrochronological	fire	
history	reconstruc7on	to	CHAR	in	lake	sediments	

Arbre vivant 
2 cicatrices 

Centre 1666 

1808 
1781 

CICATRICES

• Résolution 
temporelle et 
spatiale

• Probablement la 
meilleure archive 
pour les incendies 
(avec les bases de 
données)

Brossier	et	al.,	2014	



Charcoal	data	

•  Reconstruc7ng	long-term	fire	history	
– One	site		
– Poten7al	at	large	spa7al	scale	



Thank	you	for	your	anen7on!	


