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c Department of Nuclear Physics, Australian National University, Canberra, Australia

Abstract

Soil samples were collected in tierra ®rme upland and lowland areas of the Km 41 reserve near Manaus (20°300S and

60°W), in Central Brazilian Amazon, within a 1700 m transect, at eight di�erent depth ranges, from surface to 100 cm.

The highest charcoal concentrations were found at the depth range of 20±50 cm. AMS radiocarbon dating of 31

samples were performed at the ANU. The ages of the charcoals were found to vary within the 130 to 2400 years BP

range, mostly between 1200 and 1400 years BP, one of the known Holocene dry periods of the Amazon region. The

results show that the ®res have regional dimensions and are associated with climate regional changes. Ó 2000 Elsevier

Science B.V. All rights reserved.

PACS: 07.75.+h; 89.60.+x; 92.70.Gt; 93.30.Vs
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1. Introduction

The Amazon region is one of the key ecosys-
tems under investigation as part of the global
change research program. The present study is
concerned with the determination of rain forest
®res in this region, and the climatic changes that
may have originated them. It is not well under-
stood yet how the tropical ecosystems reacted to
the last climatic changes. One needs to know that,

in order to predict how they will react to the cur-
rent and future climatic changes.

Charcoal occurrences associated to vegetation
burn events were evidenced at several areas in
South America. Charcoal in the soil of the eastern
Amazon was dated [1] as between 6000 and 3000
years BP, indicating the occurrence of Holocene
forest ®res in that area. Charcoal was dated in
forest soils in High Rio Negro, with ages corre-
sponding to the last 6000 years [2]. The occurrence
of ®res from medium Holocene, in several types of
forests in High Rio Negro region, was associated
to climatic changes and anthropic action [3].
Sifeddine et al. [4] demonstrated intense charcoal
occurrences between 7000 and 4000 years BP,
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through the measurement of the re¯ectance index
of the organic particles in a lake core of South
Mountain of Caraj�as (south-west Amazon). A
continuous register of high temporally resolution,
obtained for the last 7500 years, through the
quanti®cation of microcharcoal ¯uxes in lacustrine
sediment in North Mountains of Caraj�as [5,6],
corroborated the medium Holocen dry phase and
showed the occurrence of ®res in the upper Ho-
locene. Dating of charcoal and humin in soils and
organic matter carbon isotopic composition was
determined in several sites in Brazil, and they have
shown substantial changes in the vegetation dis-
tribution, occurrence of forest ®res and climatic
evolution [7,8].

The charcoal quanti®cation in areas of the
Amazon region will allow the determination of the
relative magnitude of the forest ®res, probably
associated to climatic changes during the Holo-
cene. However, one major di�cult task in the
study of paleo®res is to describe their occurrences
temporally and spatially, inclusive at meso-scale.
A reason for that is the di�culty to sample a
su�cient amount of charcoals, in di�erent soil
layers and di�erent soil pro®les.

2. Charcoal sample collection at central Amazon

In Manaus region (2°300S and 60°W ± see Fig.
1(a)), a wet part of central Amazon, with average
annual precipitation from 1900 to 2400 mm,

charcoal fragments were collected in tropical rain
forest soil pro®le corresponding to di�erent geo-
morphologic positions, in upland and lowland
areas of tierra ®rme of the Km 41 reserve (Fig.
1(b)) of the Instituto de Pesquisas da Amazonia
(INPA). Tierra ®rme is a non-¯ooded forest, and
the predominant soil in the area is the latossolo
yellow alico (oxisol). A soil auger was used to
collect the samples. In a transect of 1700 m in
length, six areas of di�erent altitudes were selected.
The samples were collected at the ``line Q'' of the
reserve (see Fig. 1(b)), in the following points, with
their respective altitudes: Q6 � 245 m (upland),
Q9 � 210 m (shoal), Q11 � 240 m (upland),
Q13 � 200 m (shoal), Q19 � 195 m (shoal) and
Q21 � 215 m (upland).

The material was separated with a manual au-
ger, in depths from the surface to 1 m deep, in the
range of 0±20 cm and subsequent 10 cm ranges.
Then, samples of 5 cm thickness were removed and
conditioned in plastic bags. They were homoge-
nized, sifted for the retreat of roots and retired
aliquots for quanti®cation of charcoals.

Fig. 2 shows the average charcoal density
(charcoal (mg)/soil (g)) for the upland and shoal
sites. One can see that the average charcoal dis-
tribution is quite similar in both situations. The
highest charcoal concentrations have been ob-
served at the upland sites, and were more frequent
at 40±50 cm depth in all the sites collected. These
results are in agreement with other studies in the
region, and show that the soil auger method can be

Fig. 1. (a) Amazon map, with localization of the present study (Manaus). (b) Details of the Km 41 reserve.

762 G.M. Santos et al. / Nucl. Instr. and Meth. in Phys. Res. B 172 (2000) 761±766



used to obtain, in a very fast way, data on the
vertical and lateral distribution of charcoal. The
average charcoal distributions along the pro®les
show that those situated in the upland areas have
larger values than in the lowland, corresponding to
more severe ®res.

3. Charcoal sample dating

The AMS was the suitable technique to be used
in the investigation of the ages of the ®res, due to
the small quantities of the charcoal samples.

Considering, as a reference, an average accu-
mulation rate of 0.032 cm/year observed by Sald-
arriaga and West [2] in the San Carlos do Rio
Negro region, with roughly the same kind of soil
(oxisol) and average annual precipitation (2000
mm), the estimated age at the depth of 45 cm
should correspond to 1500 years BP. For the range
of accumulation rate between 0.014 and 0.053 cm/
year, one should be able to determine ages from
modern to 7000 years, within the 100 cm pro®le.

The dry soil samples were taken to ANU, where
they passed through the preparation and graphi-
tization processes and analysis. Thirty-one samples
were prepared as well seven standard ANU sam-
ples (ANU sucrose) and three blank samples (Sri
Lank graphite).

The standard ANU procedures for the trans-
mission and analysis of the samples were followed.
Table 1 shows the determined ages of the charcoal
samples. Fig. 3 shows the radiocarbon ages versus
depth for the di�erent pro®les. One can notice
that, apart from the Q13 group, all the ages are

within the range 1000±2400 years, corresponding
to reported dry periods of the Amazon region
[3,9]. One can also notice that there is not a clear
pattern for the charcoal dates by depth. This
phenomenon is due to the intense remobilization
process, that is usually found in charcoal dating of
soils and there are several explanations for that [2].

Table 1

Radiocarbon age results for the Amazon charcoal samples

Depth

(cm)

Radiocarbon

age (years BP)

Age error

(years)

Q6 � 245 m

20±30 1170 120

30±40 1190 140

40±50 1480 240

Q9 � 210 m

00±20 130 140

20±30 1270 120

30±40 1280 150

40±50 1270 120

50±60 970 140

60±70 980 120

70±80 1080 140

80±90 1140 130

90±100 1430 130

Q11 � 240 m

20±30 1510 190

40±50 1530 120

60±70 1470 160

Q13 � 200 m

20±30 340 120

30±40 680 220

40±50 520 120

50±60 580 120

60±70 890 170

70±80 470 130

80±90 590 390

90±100 1050 220

Q19 � 195 m

50±60 1400 120

Q21 � 215 m

20±30 1280 120

30±40 1430 140

40±50 1170 280

±65 1750 230

70±80 2410 120

80±90 1670 140

90±100 1800 190

Fig. 2. Average charcoal density (charcoal (mg)/soil (g)) for the

upland and shoal sites.
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Fig. 3. Radiocarbon ages versus depth, for the di�erent pro®les.
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The soil of tierra ®rme is characterized by a
litter layer that in many cases contains a thick
layer of roots and has a deposit of partially de-
composed organic matter. Under this raw humus
layer lies the mineral soil. The remobilization
phenomenon is usually present in soft and humid
soils, where wood is unevenly distributed on the
forest ¯oor and activities by animals and men re-
distribute the charcoal. Roots of young trees may
penetrate the charcoal deposits, as well as burned
roots, and contribute to deeper layers being
younger than the upper layers, as younger char-
coal is introduced in the deeper layers. Intense
rainfall in the area washes charcoal out of soil
surfaces and buries it down slopes and depres-
sions. Disturbances such as windthrow and ®res or
periods of ¯oods increase runo� and erosion.
Wind and water erosion immediately following a
®re or ¯ood deposit large amount of organic and
inorganic remains. The ages of the trees may also
be an important factor, since radiocarbon ages
represent the time carbon was ®xed by the tree
rather than the time of combustion.

From Fig. 3, one can see that the results for the
shoal Q13 group present a good correlation be-
tween age and depth and that this group shows
younger ages than the others. This fact is not yet
understood, but the reason might be a particular
small remobilization and, consequently, the rate at
which the charcoal penetrates the soil is smaller for
this site.

4. Conclusions

The ®res have occurred along the whole region
studied, and were more intense at upland than at
lowland. They were probably caused by climatic
anomalies, which have changed the structure and
dynamics of the vegetation and the ecosystem.

Dry phases have been recorded in the Amazon
Basin [3,9], by palynological data, during the pe-
riods between 6000 and 4000 years BP, 2700±2100
years BP, 1500±1200 years BP and 700±400 years
BP. In the present study, the radiocarbon ages of
the charcoals were found to vary within the 130±
2400 years BP range, mostly between 1000 and
1500 years BP. The analysis of the charcoal density

(charcoal (g)/soil (g)) in the soil for these samples
also shows that the ®res were more intense from
1200 to 1300 years BP than for earlier and older
events, but with large ¯uctuations within this
period.

Under dry climate regimes, wild ®res may have
been responsible for the destruction of large forest
areas, resulting in the present-day pattern of su-
cessional forests in the Amazon region. The pre-
sent results also show that the ®res have been
spread more intensely at dry upland areas than at
the shoal areas near the igarap�es (small rivers),
where the vegetation was not so damaged. These
results also show that the ®res occurred more re-
cently than expected by some authors [1±3] and
strengthen some other results obtained at Caraj�as
region [5], 1200 km away, in the south-east direc-
tion. These combined results suggest that the ®res
have regional dimensions and may be associated
with climate regional changes and phenomena
similar to ``El Ni~no'' lasting tens or even hundreds
of years [10], contradicting the hypothesis of
steady environment of the Amazon forest in the
last 10,000 years [11].
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