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Abstract: Fragments of charcoal are present in floodplain alluvium of the San and Strwiaz rivers in
the Polish part of the Bieszczady Mountains, Polish East Carpathians. They occur as single clasts or
in lenses in the basal part of fine-grained alluvium, together with unburnt wood debris, or in the mid-
dle part of the vertical sequence of the floodplain alluvium. 14 samples of charcoal from the upper
courses of the San (ca. 50 km) and the Strwigz (ca. 10 km) were dated with radiocarbon. The ob-
tained dates fall mainly in the 15™ through 19" century interval; only one sample is markedly older
(9"-10™ century). Taxonomic composition of the charcoal source wood was also studied and com-
pared with that of coeval forests. Correlation of the charcoal age with the history of economic devel-
opment of the studied region indicates that charcoal is of anthropogenic origin: older charcoal from
intense slash-and-burn deforestation, while younger charcoal was produced by local industries.

Keywords: charcoal, alluvium, slash-and-burn agriculture, Bieszczady Mountains.

1. INTRODUCTION

Charcoal is one of components of debris left by fires
which involved wood. Its origin is related to intentional
and controlled sources of fire (household and industrial
ovens, bonfires) as well as to spontaneously originated
and uncontrolled fires, usually resulting in damages (nat-
ural fires in forests or buildings). The origin of charcoal
has no influence on the mode of its fluvial transport and
deposition; charcoal is subject to the same processes as
accompanying mineral components (Knox, 1987;
Wojcicki and Marynowski, 2011).

Fire debris originated from wood usually comprises
fragments of charred trunks, branches and roots, and their
derivatives (bark, bracket fungi, cones, seeds, resin),
charcoal dust and ash from trees, brushes and grasses.

Corresponding author: J. Kukulak
e-mail: jkukulak@up.krakow.pl

ISSN 1897-1695 (online), 1733-8387 (print)
© 2013 Silesian University of Technology, Gliwice, Poland.
All rights reserved.

Mineral components of fire debris include baked clay
(from burned forests or meadows, from clay daub on ovens
or cellar walls), as well as ceramic, glassy or metallic sin-
ters. Each of these materials may eventually become a
component of alluvium, as it may be washed to a fluvial
channel or may be discarded by humans as waste.

Charcoal is usually a subordinate component of allu-
vium, present in minute amounts among the mineral
components, seldom as more than 1% of their volume.
The presence of charcoal along the courses of the Carpa-
thian rivers is observed only in fine-grained alluvium
(sand, mud or clay) of the youngest terraces. Moreover,
subfossil charcoal is present in these sediments only lo-
cally. It is difficult to recognize with a naked eye because
individual particles are usually fine and dispersed among
mineral grains; only rarely they form distinct concentra-
tions. The finest charcoal grains (charcoal dust) are dis-
cernible under microscope only.
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Subfossil charcoal, despite of its trace amounts in sed-
iments, is a valuable carrier of information on palaeoenvi-
ronment of a drainage basin, especially on the origin,
transport and deposition of charcoal itself. It may prove
the past presence of intense burning of natural fires or
burning of wood by humans (Tipping and Milburn, 2000;
Scott, 2010). Natural forest fires were rather infrequent in
the Carpathians during the last millennium and they had
local extent (Szewczuk, 1939), while those resulting from
more or less controlled human activity could be much
more frequent (Strzelecki, 1900; Kubijowicz, 1926;
Broda, 1952; Lowmianski, 1953). The presence of char-
coal makes dating the fires possible by radiocarbon da-
ting or other methods.

Subfossil charcoal is present, among others, in alluvia
of the Carpathian rivers. This paper documents the pres-
ence of such charcoal in the Bieszczady Mountains in
Polish Carpathians (drainage basins of the upper San and
Strigz rivers). It includes description of the position of
charcoal in vertical sections of alluvia, their mesoscopic
characteristics, taxonomic composition and the results of
their radiocarbon dating. Temporal and causal relation-
ships between their accumulation and the history of re-
gional economic developments is outlined. The study was
limited to the Bieszczady parts of the San and Strwigz
drainage basins, but its results seem to apply to a wider
area. It is likely that the sources of charcoal in other
mountain areas were similar.

2. REVIEW OF LITERATURE ON CHARCOAL

Subfossil charcoal was little studied by Polish geolo-
gists and geomorphologists. Its presence in alluvia is only
occasionally mentioned and its origin in regions other
than the Gory Swietokrzyskie (Klatka, 1968; Kosmow-
ska-Sufczynska, 1983) and the basin of the upper Odra
and Nysa Klodzka rivers (Klimek, 1999; Latocha, 2007,
Wojcicki and Marynowski, 2011) has been not clearly
explained (Dumanowski et al., 1962, Teisseyre, 1989;
Kalicki and Krapiec, 1991; Bieronski ef al., 1992; Gebica
and Krapiec, 2009). It was not studied in detail and its
presence is accepted (hypothetically) as the record of
recent human activity. Charcoal in alluvia of Scandinavi-
an rivers is accepted as a firm proof of regular use of fire
in human management of land since Mesolithic times
(Simmons, 1978; Chandler et al., 1983; Goransson, 1987,
Innes and Simmons, 2000; Kasin et al., 2013). Also in
Great Britain the presence of charcoal in sediments of
rivers, lakes and peat bogs is interpreted as the record of
ancient forest clearing by the use of fire, of primitive
agriculture and settlement (Simmons and Innes, 1996;
Moore, 2000; Mason, 2000).

The presence of small fragments of charcoal was not-
ed by palynologists in sections of some peat bogs
(Szczepanek, 1987; Ralska-Jasiewiczowa, 1989; Kali-
nowicz and Harmata, 2001), but this charcoal has not
been studied in detail. Charcoal dust coming from Meso-
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lithic forest clearing is present in peat bogs in the area of
Polish Baltic coast (Latalowa, 1994).

Archaeologists are more interested in charcoal,
though they are mostly interested in “autochthonous”
charcoal — that found in excavations at ancient settle-
ments (e.g. Madyda-Legutko, 1996; Litynska-Zajac,
1997), and not in charcoal buried in alluvium (“alloch-
thonous™). Charcoal found during exploration of a hearth
is considered as a component related in origin to the stra-
ta explored. Such charcoal is subject to taxonomical stud-
ies and radiocarbon dated in order to relate it to specific
human cultures (e.g: Gluza et al., 1988; Wasylikowa et
al., 1992; Litynska-Zajac, 1997; Stepnik, 2007, 2010).
Local accumulations of charcoal may be of industrial
origin, as is the case around the Lysogéry mountain
range, where charcoal is related to ancient iron metallur-
gy (Bielenin and Holewinski, 1961; Orzechowski, 1991).
Wood, mainly in the form of charcoal, was there the main
fuel.

Alluvia in all older terraces of rivers in the mountain-
ous part of the Carpathians are composed mainly of grav-
el and sand; these sediments may be weathered to a vari-
ous degree. These coarse-grained sediments do not in-
clude charcoal clasts. Only the youngest terrace (flood-
plain) is locally built of fine-grained sediment — mud -
and charcoal fragments could accumulate during its ac-
cumulation. The presence of charcoal has been noted only
in sediments of this youngest terrace. Local accumula-
tions of charcoal are present in floodplain sediments of
the San, Ostawa, Wislok, Jasiotka, Ropa, Biata, Raba and
Skawa rivers (Slaczka et al, 1991; author’s personal
observations), and possibly also in the rivers of the
Zywiec region (Broda, 1955). This paper presents a mul-
tifaceted description of charcoal debris accumulated in
alluvia of the river San and its tributaries in the Western
Bieszczady range.

3. OBJECT OF STUDY, METHODS, STUDY AREA

The material studied in detail consisted of charcoal
fragments of various size, collected from floodplain sed-
iments. The most useful for this study were macroscopic
fragments (>1 cm in diameter). These were used for tax-
onomic studies and absolute dating. Small charcoal frag-
ments (>0.062 mm in diameter), and even charcoal dust
obtained by sieving and washing of the samples of allu-
vium, were also studied. Their presence in samples of
fine mineral sediment was checked under binocular mi-
croscope. Parallel with the study of charcoal fragments,
granulometry of their host sediments was studied in se-
lected vertical sections of floodplain sediments. Several
samples from each section were collected in the field and
grain-size distribution in each sample was then deter-
mined in laboratory. Percentage of charcoal in each grain-
size class was estimated under binocular microscope.

Taxonomical analyses of most charcoal fragments
were done on fragments 0.5-2 cm long and more than
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0.5 cm in diameter. This size is sufficient to describe the
anatomy of the original wood, but detailed diagnoses
were done on bigger fragments (3 x 1 cm). Small size of
charcoal fragments in some samples prevented complete
taxonomic recognition, the wood was only differentiated
into that of coniferous and broadleaf trees, or the genus
was recognized.

Subfossil charcoal fragments were identified in labor-
atory in microscope preparations oriented in three direc-
tions relative to the structure of wood: transverse, tangen-
tial and radial. Transverse sections of coarser fragments
were studied using a hand lens. Identification of species
was based on the key to plant classification by
Schweingruber (1978). Taxonomic analyses of six char-
coal samples were done at Institute of Botany, Polish
Academy of Sciences in Krakow.

Selected charcoal fragments were dated using radio-
carbon method. Measurements of '“C concentration in
charcoal samples allowed to determine their isotope age,
and subsequent calibration provided calendar ages (see
Pazdur and Michczynska, 1989; Bronk Ramsey 1995,
2001; Walanus and Goslar, 2009; Bronk Ramsey et al.,
2010). Fourteen charcoal samples were dated, most of
them (9) in Kyiv Radiocarbon Laboratory (Ukraine),
three at C-14 Laboratory of the Silesian University of
Technology in Gliwice (Poland) and two at the Faculty of
Physics and Nuclear Technique of AGH University of
Science and Technology in Krakow (Poland). Laborato-
ries mentioned above apply radiometric dating technique,
which use decay of '*C to estimate the age of samples.

The charcoal samples were collected from floodplain
terraces of three rivers in the Bieszczady Mountains: the
upper course of the river San, the Czarny stream (right
tributary of the San debouching to the Solina dam lake)
and the Jasienka stream (right tributary of Strwigz) (Fig.
1). The samples prove the presence of fire debris in the
San valley from its headwaters near the Uzhok Pass (alti-
tude 853 m) for 75 km downstream to Chmiel village at
the foot of the Otryt range (altitude 510 m). The charcoal
fragments from the Czarny and Jasienka valleys were
collected at the headwater reaches of these streams, in
villages Czarna Gorna and Rabe, respectively.

The presence of subfossil charcoal was proved not on-
ly in floodplain sediments of the river San but also along
the tributaries of its upper course: the Niedzwiedz,
Syhtowaty, Halicz, Litmirz, Muczny and Wolosaty
streams. These streams drain the highest ranges of the
Bieszczady Wysokie: the Pasmo Potonin range (Tarnica
1346 m, Halicz 1333 m) and the Pasmo Graniczne range
(Wielka Rawka 1307 m) along the border of Poland with
Ukraine and Slovakia (East Carpathians). The presence of
charcoal in sediments of the Czarny and Jasienika streams
proves that fire debris was produced also in the lower
parts of the Bieszczady Mountains, especially in the area of
the water divide between the Baltic Sea and the Black Sea.
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Fig. 1. Location of charcoal samples collected for absolute age deter-
mination by #C method.

The floodplain terrace of the San, in which charcoal
debris is accumulated, is usually ten to twenty metres
wide and only locally (Tarnawa Nizna) it broadens to
60 m. The height of the floodplain above the stream bed
rises downstream from 1 to 3 m and locally the terrace
consists of two steps (1.5-3 m and 0.5-1.5 m). The layer
of alluvium lying on the bedrock strath makes up 70—
100% of the terrace height and consists of a basal layer of
gravels representing channel sediments, overlain with the
layer of sandy mud representing overbank deposits. Their
thickness constitutes 70—100% of the terrace height. The
mud is highly enriched in charcoal near its base
(Haczewski et al., 2007). The river San, though flowing
through a mountain landscape, has a sinuous channel of
low longitudinal gradient (2.6% in average).

4. MATERIALS

Grain size and types of charcoal in alluvium

The subfossil charcoal debris includes fragments that
differ macroscopically not only in size but also in the
degree of coalification and shape. Different are also par-
ent materials that underwent coalification.
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The size of charcoal fragments in alluvium of the riv-
er San is closely related to the forms of their accumula-
tion and to the degree of coalification. Greater accumula-
tions usually have the form of layers or lenses 1-5 cm
thick (areas of ancient villages Sokoliki and L.okiec),
locally even 20 cm (Beniowa) (Fig. 2). Charcoal frag-
ments in these greatest accumulations attain the greatest
size — single clasts at Beniowa and Lokie¢ are up to
5 cm long. The charcoal clasts dispersed in mineral com-
ponents of alluvial mud are not that big. Only the biggest
attain 1 cm in length and 0.5 cm in diameter (area of
ancient village of Tarnawa Wyzna, Chmiel), but most are
much shorter and thinner (<0.5 cm). The macroscopic
fragments are accompanied by abundant smaller particles,
microscopic in size (charcoal dust). The fine particles are
distinguishable only under binocular microscope, but
cannot be taxonomically recognized.

The charcoal debris includes fragments that are in-
completely coalified: surficially or one side only. The
largest of them (>5 cm in diameter) have only the outer
layers charred around unaltered cores. Other large frag-
ments are charred at one end only, while the other is
unaffected by fire (areas of ancient villages Sokoliki
Gorskie and Sianki). The partly coalified wood fragments
are better preserved in alluvial mud. Those with thinner
charred layer, or with a greater loss of this layer, have
their surfaces more smoothed.

The shapes of charcoal fragments, regardless of the
degree of their coalification, depend largely on the anat-
omy and size of original wood. Fragments of coalified
thick trunks differ clearly from coalified branches. They
are more wedge-like in shape and their lateral surfaces
reflect the course of core radii and outlines of wide annu-
al rings with their gentle curves. Charcoal debris from
broadleaf trees, especially from their thin branches and
sprouts has usually the form of straight sections, formed
by transverse fracturing of wood during its burning. This

Fig. 2. Layer of charcoal debris in sediments of the river San floodplain
(Beniowa).

rule seems to be less strictly maintained when wet wood
was burning. Also the size of charcoal fragments seems
to be proportional to the thickness of branches and their
wetness during burning. The wetter the wood was, the
more diversified in shape are the charcoal fragments left
from it.

The irregularly shaped charcoal fragments include al-
so remnants of bark. Their coalification is often incom-
plete in consequence of the high density and hardness of
bark. Similar are properties of coalified debris of bracket
fungi. Charred bracket fungus is harder than charred
wood and its surface is not readily smoothed by abrasion,
even during fluvial transport. Also incompletely burnt
resin retains hardness and glossy fracture.

Position of charcoal debris in alluvium

Charcoal is concentrated at two positions in vertical
sections of the river San alluvium: near the base (accom-
panied by wood debris) and in the middle part. The basal
part of the section is enriched in charcoal, especially
coarse charcoal fragments, incompletely burnt wood
fragments and coarse fragments of wood charred only
superficially. Charcoal debris in the middle part of the
section is finer and dispersed in mineral sediment. It
forms, however, a clearly discernible horizon (Tarnawa
Nizna, Dzwiniacz Gérny, Sianki). At both positions in
the section, greater concentrations of charcoal are locally
present in the form of thin layers or lenses (Fig. 3) com-
posed of charcoal only or of charcoal mixed with non-
charred wood and mineral components (Lokie¢, Beniowa,
Sianki, Wolosate). Along the river San two levels with
charcoal occur in the same section of the floodplain sed-
iments only sporadically (Beniowa, Tarnawa Wyzna,
Chmiel; Fig. 3), usually only one of the levels is present.
In alluvial muds of the San tributaries (the Niedzwiedz,
Halicz, Litmirz, Muczny streams) and along the Jasienka
stream, the presence of the two horizons with charcoal
debris is less distinct; charcoal is dispersed in the whole
vertical section of the floodplain alluvium. Along the
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Fig. 3. Horizons of charcoal debris in floodplain alluvium of the river
San. Lithological symbols explained on the right site.
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Wotosatka and Wotosaty streams, from the vicinity of the
Beskid Pass in Wotosate downstream to Ustrzyki Gorne,
charcoal debris is present mostly at the base of alluvial
mud. The upper part of the mud consists of coarser min-
eral sediments.

Analyses of grain-size and composition of the sam-
ples of alluvial mud collected along the river San have
shown that charcoal debris is present in all the studied
vertical sections of the terrace alluvium but in various
amounts. The charcoal debris is present along the whole
sections and in almost all size classes (Kukulak, 2005).
The finer a mineral sediment is, the finer charcoal debris
it contains. Concentration of charcoal fragments and
charcoal dust increases with fining of the grain-size of the
host mineral sediment. The greatest concentrations (even
up to 3%) occur in fine mud. They come probably from
direct disintegration of burning wood or from later frag-
mentation of charcoal clasts during fluvial transport.
Accumulations of charcoal debris, similarly as accumula-
tions of unburnt wood debris, are characteristically coars-
er grained than their host sediment; for instance medium-
grained sand (<0.5 mm) contains charcoal fragments
several times coarser (up to several millimetres). Grain-
size distribution in vertical sections of alluvial mud seems
to be the factor controlling the uneven concentration of
charcoal debris.

5. RESULTS

Dating of charcoal

Radiocarbon dating was done for charcoal fragments
collected from the two levels in the alluvial mud sections:
from the basal part (9 samples) and from the middle part
(5 samples). Coal fragments in each sample came from a
single accumulation but from various size classes (0.3—
1.0cm in length). Taxonomical identification of the
charred samples was not possible macroscopically. Dated
wood fragments were charred to a different degree (char-
coal, unburnt remnants), but their small size prevented
determination from which part of tree they came from.
Charcoal fragments left after washing out of mineral
sediment were not used for dating. Spatial distribution of
the dated charcoal fragments (Fig. 1) shows the degree of
spatial synchronicity of charcoal deposition in alluvial
sediments of the rivers San and Strwiaz.

The age of subfossil charcoal (determined using '*C)
is generally young and constrained within a narrow time
interval (Table 1). The older dates correspond to charcoal
debris from the basal part of the alluvial mud section, the
younger ones — to those in the stratigraphically higher
level. The oldest dates obtained correspond to the begin-
nings of the 15" century, in sample 8 (Lokie¢) even 9—
12™ century, and do not necessarily reflect the time of
their deposition in alluvium. Moreover, the upper age
limit of this charcoal debris is 1-2 centuries younger. The
presence of charcoal debris yielding the oldest dates indi-
cates the maximum age of the charcoal-bearing alluvium
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on the floodplain of the river San. The age of this char-
coal debris is partly corroborated by similar age of the
accompanying debris of uncharred wood buried in the
basal part of the alluvial mud (Kukulak ez al., 2002; Ku-
kulak, 2004). It may be thus accepted that accumulation
of the fine-grained alluvium in the valleys of the San and
Strwigz began in late Medieval time. Only the age of
charcoal in sample 8 (Lokie¢) departs from this scheme.
Charred wood fragments in this sample are older by a few
hundred years and we have no data to prefer any of pos-
sible explanations.

Charcoal debris in the higher parts of the alluvial mud
section is younger by a few centuries (150—400 years).
The upper limit of its age reaches the second half of the
18™ century, and in some cases even to the 20™ century
(Tarnawa Nizna). This indicates that accumulation of
charcoal debris in alluvium of the floodplain continued
over centuries with deposition of alluvium.

Taxonomic analysis of charcoal

Taxonomy of source wood of the charcoal debris
fragments was determined on samples from six sites and
the two horizons rich in charcoal debris in floodplain
alluvium of the San and Strwigz river basins. The number
of examined fragments at individual sites varied from 13
to 81. Other charcoal fragments collected at these sites
were too small for reliable taxonomic analysis.

Taxonomic composition of charcoal source wood is
rather uniform at all studied sites (Table 2). Predominant
are coniferous trees: fir and spruce; much lower is partic-
ipation of beech and alder. Charcoal fragments from alder
and maple occur subordinately. The charcoal fragments
determined as Picea/Larix most likely represent spruce,
as larch was and still is a rare species in the upper San
drainage basin (Zarzycki, 1963; Rygiel, 1987). Samples
from the basal part of alluvial mud (5 sites) are dominat-
ed by charcoal from fir and spruce, with a smaller amount
of beech and alder. Charcoal fragments from alder and
maple are subordinate. In the higher part of alluvial mud
(Tarnawa Nizna) predominates charcoal from broadleaf
trees, mainly alder.

The composition of charcoal debris remains similar
over the whole studied length of the river San. The data
in Table 2 show that charcoal fragments derived from fir
are three times as numerous as those from spruce, and
among the broadleaf trees charcoal fragments from beech
are twice as numerous as those from alder, while maple
and birch are represented by single fragments only. The
proportions between the species in charcoal fragments are
similar to those in uncharred wood debris. Predominance
of fir in the studied samples may be the result of preferen-
tial selection of this species for practical needs. Charcoal
debris from Sianki included artificially cut fragments of
fir wood.

Taxonomic composition of the studied charcoal debris
does not necessarily reflect the species composition of
forests in the upper drainage basin of the river San,
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Table 1. Results of dating of studied charcoal debris from the upper reaches of the river San (I-XIll) and the Strwigz river (XIV). Calibration of the
radiocarbon dates (expressed as cal years AD time intervals with probability 95.4%) was done using the calibration data set IntCal13 (Reimer et al.,
2013) and OxCal (version 4.2) calibration program (Bronk-Ramsey et al., 2010). Source: Kukulak, 2005 (* — supplemented).

Sample Sample name / 14C age (BP) Calibrated age Position
number Laboratory Code 9 (range 95.4%) cal AD (depht of sample in section)
. 1480-1700 (60.0%)
1 G%"j’;'g 1'9 245 + 50 17201820 (26.7%) (823_5‘1' Bag)
1920- ... (8.8%) T
Sianki Ill basal part
2 Ki-10065 345+ 60 1440-1650 (95.4%) (1413 m)
Beniowa | basal part
3 Ki-10067 41070 1410-1650 (95.4%) 07m)
Beniowa | o middle part
4 KR-168 122 £ 60 1660-1950 (95.4%) (0.65-0.75 m)
Tarnawa Wyzna 1330-1340 (0.4%) basal part
5 Ki-10073 440260 13901640 (95.0%) (1.8 m)
Tarnawa Nizna middle part
6 Ki-10078 180 £ 60 1640- ... (95.4%) (22m)
Dzwiniacz Gm. 1440-1890 (88.2%) basal part
! G-15647 270:£100 1910- ... (7.2%) (2.0m)
. 770-790 (0.8%)
8 Kﬁ'g'ggs 1030 £ 70 820-850 (0.7%) bf("fa;' ﬁf;”
860-1170 (93.9%) '
Muczne basal part
9 Ki-10086 38080 1400-1670 (95.4%) (1.5m)
Zurawin* 1520-1560 (3.4%) middle part
10 Gd-12634 200+ 60 1630- ... (92.0%) (2.7 m)
- 1440-1690 (86.2%) .
1 i";f'%‘; 300 £ 70 1730-1810 (7.1%) m'(‘id,'o.en‘q’f”
1930-... (2.1%) '
Chmiel* 1530-1540 (0.6%) middle part
12 Ki-10091 200:£50 1630- ... (94.7%) (1.25-1.35 m)
- 1640-1820 (67.2%)
Czarna Gorna o basal part
13 Ki-10092 180 +40 13?8:189?1(2%‘: )) (0.65-0.75 m)
Rabe II* 1510-1600 (11.6%) basal part
14 Ki-10093 220 £ 60 1610~ ... (83.8%) (0.7-0.8 m)

Ki — Kiev Radiocarbon Laboratory, Ukraine; Gd — Gliwice Radiocarbon Laboratory, Poland; KR — AGH — University of Science and Technology,
Faculty of Physics and Nuclear Techniques in Krakow, Poland

Table 2. Taxonomy of charcoal source wood from floodplain alluvium of the upper river San valley. Source: Kukulak, 2004.

Site name (see Fig. 1)
| Il I} v v Vi
P «
SN -
— = = =
= 2 = 2 = . <
Latin English < 2 2 e e k: s
name name > o @ S S S 2
Hardwood:
Acer sp. Maple 1 - - - - 1 04
Alnus sp Alder 4 - 1 8 1 14 55
Betula sp. Birch - - 1 - 1 04
Fagus silvatica Europeanbeech - 6 13 8 27 10.5
Coniferous:
Abies alba European silver fir 6 86 23 15 13 5 148 59.0
Picea abies Norway spruce - - - - 1 - 1 0.4
Picea/Larix Spruce/Larch 2 1 18 10 1 27 59 23.8
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especially proportions between individual species. Local
modifications of this composition could be caused by
natural (e.g. riparian nature of trees) and artificial causes
(selective burning of some tree species). This seems to be
the case with the studied charcoal debris, where propor-
tions between seem to be different from those in actual
forest. Proportions between tree groups in the 16™-17"
century were different; conifers were in minority
(Schramm, 1958; Fastnacht, 1962; Rygiel, 1998). Palaeo-
botanical data also confirm that broadleaf forest predomi-
nated in the Bieszczady Mountains at the transition from
Mediaeval to modern times (Ralska-Jasiewiczowa, 1980).

5. ORIGIN OF CHARCOAL IN ALLUVIUM —
SLASH BURNING

Comparison of the age distribution of the dated char-
coal fragments with historical data on settlement in the
Bieszczady Mountains reveals distinct temporal correla-
tions. Charcoal in the alluvial mud of the river San is
clearly related to human presence and seems to be a result
of intentional human activity in this part of the Bieszcza-
dy Mountains. The charcoal is of local provenance as it
occurs in alluvium of the upper parts of the San and
Strwigz drainage basins.

The use of fire in land management is associated with
early stages of human activity registered, for instance, as
local changes in forest plant communities discerned in
peat bog sections. Dimbleby (1961) and Mason (2000),
among others, report such changes in the British Isles and
in Scandinavia to the Mesolithic Period (8300-6000
years BP). The works by Machnik (1993) and Latatowa
(1994) indicate that slash burning economy became wide-
spread in Central and Western Europe already in the 4"—
3™ millennia BP. In Poland this method was then used
mainly in the upland areas of Malopolska (e.g. Kruk,
1973, 1983; Wislanski, 1979; Wasylikowa, 1983;
Godtowski, 1983). In early Mediaeval time this method
was extensively used in the areas of Germany (Inama-
Sternegg, 1879), France (Lamprecht, 1978; Vanniere et
al., 2000), Moravia and Scandinavia (Pitkanen and
Hettunen, 1999). In Poland this system of land use be-
came predominant in late Mediaeval times (Broda, 1952,
1955), and in Russia it was still common during the 17"
19" centuries (Trietiakow, 1948).

Charcoal and ash to alluvia of mountain streams in the
Carpathians were most likely supplied from the areas of
slash-and-burn economy on valley slopes. Slash-and-burn
economy, widely used at that time, was the main source
of charcoal. This method of land use was common in
Medieval time (Zaki, 1955; Hejnosz, 1960; Kowalska-
Lewicka, 1961; Starkel, 1987). Slash-and-burn economy
was the basic way of land management when coloniza-
tion of the Beskidy Mountains began (Kubijowicz, 1926;
Moszynski, 1929; Broda, 1952) and it persisted to mod-
ern times on the grounds that were developed last (Zaki,
1955; Broda, 1955). It used to be a usual way of rural
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agriculture till the middle of the 19" century (Kowalska-
Lewicka, 1961).

The age of subfossil charcoal in the Bieszczady
Mountains corresponds to two periods of intense forest
clearance and use of fire in this area. The first is related to
the beginning of agricultural settlement in the San valley
(15-16™ century). Slash-and-burn was then commonly
used to expand farming grounds and fertilize them (Kubi-
jowicz, 1926; Tokarz, 1909; Reinfuss, 1939). Burning of
wood intensified again in the 18™-19™ century, when
numerous asheries worked in the Bieszczady Mountains
(Sianki, Beniowa, Bukowiec, Tarnawa Wyzna, Dzwini-
acz Gorny, Smolnik), producing potash from wood ash in
locations near stream channels (Augustyn, 1999). Char-
coal was also produced for blacksmithery. These two
periods of intense wood burning could have left their
record as debris of charred wood, charcoal fragments and
charcoal dust in alluvia of the San and its tributaries.
Some fraction of charcoal debris and coarse fragments of
partly burnt wood may represent incompletely burnt
remnants not only from fire sites but also from household
ovens (Kadrow and Litynska-Zajac, 1994). Houses in the
villages in the Bieszczady Mountains were concentrated
along the channel of the San and its tributaries.

Anthropogenic origin of charcoal is also indicated by
traces left by tools on wood before burning; charcoal
debris from Sianki and Lokie¢ includes partly burnt
fragments of household utensils. It is not certain when the
slash-and-burn economy ceased to be used in the
Bieszczady Mountains. It is likely that locally burning
out of bush and sprouts lasted till the end of the agricul-
tural stage in the history of the Boiko people, not only at
valley bottoms but also near the treeline, just below the
mountain pastures.

The upper part of the San valley was colonized by
farmers in 15-16" centuries (Fastnacht, 1962). The needs
of herding and cultivation called for clearing of forests, as
the valley was earlier occupied mostly by woods. Slash-
and-burn economy was used not only by the first genera-
tions of settlers but also by Valachian migratory herders.
Clearing of forests in river valleys had the goal of gaining
ground for settlement and agriculture (Tokarz, 1909;
Fastnacht, 1962; Reinfuss, 1939; Augustyn,1999), and on
alpine meadows — for herding cattle and sheep (Rehman,
1895; Kubijowicz, 1926; Schramm, 1956; Zarzycki,
1963). Localized burning of easily accessible plots within
forest resulted in isolated pastures or arable plots
(Rehman, 1895; Broda, 1952). Considering labour-
intensive character of transforming clearcuts or fireplaces
into pastures or arable fields, transformation of land by
slash-and-burn had to be less common at alpine meadows
than in valley bottoms (Broda, 1952; Tunia, 1986).

Forest clearance by slash-and-burn was realized in the
Bieszczady, similarly as in other parts of the Carpathians,
in various ways (e.g. Kubijowicz, 1926; Broda, 1952;
Kowalska-Lewicka, 1961; Tunia, 1986). Wood was usu-
ally burned at sites of clearance and the resulting ash was
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dispersed over the burnt plots to fertilize soil for grain
cultivation. At that time this was the only way to improve
soil productivity. Ash from wood is a potassium-
phosphorus fertilizer with subordinate content of calcium,
which contributes to the loosening of soil structure. Burn-
ing of forest and brush was only an introductory stage in
the clearance of the terrain for later permanent cultivation
(Slaski, 1965). Piles of wood covered with sod were
burnt until the sod was completely charred. Grain was
sown directly into ash and the charred upper layer of soil
without ploughing. Soil remained fertile enough for sev-
eral years, until it became barren and slash burning
moved to a new plot of forest. The abandoned fields
became fallow and then were invaded by woods. After
some 20-30 years the new growth was burnt again. Rapid
rotation of slash burning sites resulted in covering exten-
sive area of forested lands with slash-and-burn economy.
Deforestation by slash-and-burn management dimin-
ished in the Bieszczady Mountains only in the 17-19"
century. It was replaced by industrial production of pot-
ash from ash. This was especially intensive in forests less
suitable for conversion into farming grounds, it also
helped to get rid of surplus amounts of wood, mostly
hardwood, less suitable for practical use (Slaski, 1965).
Potash was mainly produced from beech wood, hence
asheries were usually placed inside or at margins of beech
forests. Wood was burnt in specially constructed kilns. In
sites removed from the kilns, trunks and branches were
burnt directly on ground. Potash making required large
amounts of water and wood fuel, hence the kilns were
located near streams or reservoirs built specially for this
purpose (Fig. 4). Some amounts of ash and charcoal got
to streams during the process of potash production and
could be transported until their deposition with mineral
material. According to Broda (1955), Slaski (1965) and
Augustyn (1999), some potash kilns operated for short
periods or changed their locations (usually each 5 years)
because of rapid using up of nearby fuel. Loss of forest
for potash production in one ashery could amount to more
than 100 ha of forest, as was the case at Bukowiec on the
Halicz stream in the 19" century. The demise of the ash-
eries near the end of the 19™ century was accompanied by
the appearance of charcoal burning industries, which
became another source of fire debris to stream channels.
This course of development of wood burning in the
Bieszczady Mountains over the last five centuries is re-
flected not only in synchroneity of subfossil charcoal
debris in alluvium of the river San, but also in the results
of taxonomic analysis of the charcoal source wood. The
large concentration of charcoal debris near the base of
alluvial mud may be explained by the greatest extent of
slash-and-burn economy in the initial phase of agricultur-
al colonization (15™-17" century). The layers of charcoal
in the middle part of the alluvial mud section reflect burn-
ing of wood for industrial purposes in the 18"-19" centu-
ry. The increase in concentration of charcoal dust in the
higher parts of the alluvial mud section was related to the
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appearance and activity of asheries in the 18"-19™ centu-
ries (Strzelecki, 1900; Broda, 1965; Krycinski, 1995;
Augustyn, 1999). The predominance of charcoal from
coniferous trees in the basal part of the alluvial mud may
be the result of selective felling and burning of spruce
and fir at the early stage of the San valley colonization
(15™-17™ centuries). Taxonomic composition of the stud-
ied charcoal source wood may be dominated by the tree
species that were less numerous but were useless as wood
and easier accessible (Fastnacht, 1962). This could have
been also the result of selecting those tree species that
were more useful (Smart and Hoffman, 1988). The for-
ests burnt in valleys, in sites best fitted for agriculture,
represented the tree assemblage characteristic of the low-
est forest storey, that of lower mountain forest, rather
than the tree composition in the Bieszczady Mountains as
a whole. The predominance of charcoal from broadleaf
trees in the higher part of the alluvial mud section may be
due to preferential burning of alder and beech in asheries
in the 18™-19™ century (Augustyn, 1999), as more effec-
tive in providing ash.

6. FLUVIAL PALAEOENVIRONMENT — CHAR-
COAL RESISTIVITY, MODE OF SEDIMENTA-
TION

Charred wood was washed to streams from the sites
of burning and buried in alluvium together with mineral
sediment. The process of downslope washing is recorded
by layers of charcoal debris in slope deluvium (e.g. at
Tarnawa Wyzna, Lokie¢, Wolosate, Ustrzyki Gorne,
Brzegi Gorne, Wetlina). Charcoal dust and ash are readily
washed out from soil because they form weakly consoli-
dated agglomerates with mineral particles.

El asheries . e
:l forest location in the 19th century
San River Watershed

Fig. 4. Distribution of asheries relative to forest areas in 2" half of 19t
century.
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Charcoal is easily transported by water because it has
lower density than wood. Structure of wood cell walls is
damaged, to the greater degree with higher temperature or
deeper its penetration (Fig. 5). Fine charcoal fragments
are frequently carried in suspension, less commonly in
traction. Only large water soaked charcoal fragments are
transported by saltation and these often break down. They
usually disintegrate along growth rings (Litynska-Zajac
1997); the broadleaf species usually fall into longitudinal
sections (alder) or into irregular fragments. Individual
species differ in their susceptibility to mechanical break-
down. Charcoal from the hardest wood breaks down into
less numerous, but greater fragments, as is the case with
ash or oak. The abundance of coalified bark and roots in
alluvium results also from their greater hardness and
resistance to erosion, especially if they come from old
beech, pine and larch (Mowszowicz, 1956; Nichols ef al.,
2000). Wood from spruce and pine burns easily and usu-
ally completely because of its thin bark and shallow root
systems. Charcoal fragments from these species are usu-
ally finer, e.g. pine wood usually has a tendency to disin-
tegrate into fine fragments along the annual growth rings
(Gluza et al., 1988).

Charcoal dust and coarser charcoal fragments are de-
posited mainly on floodplain, together with slightly finer
fragments of wood and with mineral sediment finer than
charcoal or wood by 2-3 divisions on the granulometric
phi scale. Coarser fragments of charcoal are deposited
also on natural levees (e.g. at the site of the ancient vil-
lage Beniowa). Dispersion of charcoal debris in the whole
layer of the river San alluvial mud may be the result of
various modes of fluvial transport or of local erosion and
redeposition of alluvium during the period of alluvial
mud accumulation. Grain-size characteristics of alluvial
mud in its longitudinal and transverse sections seem to be
the factor controlling concentration of charcoal debris.
Charcoal seems to be the most abundant in overbank
sediments, where mineral fraction is finest.

Fig. 5. Fire damage in anatomy of conifer wood (Beniowa Il) in scannig
microscope.
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Subfossil charcoal is more durable than uncharred
wood (Tinner et al., 1998; Ohlson and Tryterud, 2000;
Schmidt and Noack, 2000). It does not weather because
of its burial in mud. Quality of charcoal preservation
depends also strongly on the degree of wood coalification
and on the species of the source wood. By taking into
account unequal natural resistivity of buried charcoal
from various tree species we may infer that the predomi-
nance of conifer species among the trees burnt during the
first centuries of colonization in the Bieszczady Moun-
tains (15"-16™ centuries) was not as large as the propor-
tions in preserved charcoal suggest. After five hundred
years uncharred remnants of fir wood buried in mud are
preserved better than those of alder wood (Kukulak,
2004); it is possible that this also holds true for charcoal.
Some part of older charcoal from alder trees could thus
be eliminated during fluvial transport and become disin-
tegrated into small fragments and charcoal dust, not rec-
ognizable in taxonomic analysis.

The wide extent of fire material in alluvium is partly
the result of wide dispersal of fire sources over the large
part of the river San drainage basin; the extent was addi-
tionally enlarged by fluvial transport. Unlike the point-
like accumulations of charcoal at archaeological sites, the
appearance of charcoal in alluvium delineates the extent
of the area where slash-and-burn economy was used.

fluvial events

i water accumulation
of the village] facilities alluvial soils|  wood waod charcoal

1 2 3 4 5 6 7

XX 1
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economic events
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herding
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Fig. 6. Correlation of charcoal age with the course of human activity in
headwaters of the river San.

Intensity of processes: A — negligible; B— medium; C — intense.

The intensity of processes in columns 1-4 was established basing on:
Schramm, 1958; Augustyn, 1999; Fastnacht, 1962; Krycinski, 1995;
Ryagiel, 1998; in columns 5-7 was estimated on the author’s data.
Column 7 shows position of the studied charcoal samples (1-14) on
time axis of anthropogenic and fluvial processes in the upper courses
of the rivers San and Strwigz. Age of charcoal in individual samples is
shown in the maximum confidence interval (as in Table 1).
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7. CONCLUSIONS

Multifaceted analysis of subfossil charcoal provides
data on origin, conditions of transport and deposition of
the charcoal and its durability in alluvial sediments. It is a
carrier of the following information on palaeogeography
of the source area:

1) Origin of charcoal in alluvium of the rivers San and
Strwigz is related to human activity (Fig. 6) which
included fire clearance of forests (the older stage of
charcoal accumulation in alluvium) and industrial
production of charcoal from wood (the younger
stage).

The absolute ages suggests that this activity took
place mostly from 15" to 19™ century, locally even
to the middle of the 20™ century.

The taxonomic analysis of charcoal indicates that all
species of trees were burnt then, though conifer
wood prevails in older charcoal, and deciduous trees
in the younger. The taxonomic composition of the
studied charcoal and the amounts of macroscopic de-
bris may be related to various resistance to transport
and various degree of coalification.

The wide areal extent of the fire debris in alluvium
demonstrates that the sites of fire were dispersed
over a large area of the drainage basin. Accumulation
of charcoal in alluvium was enhanced by contempo-
raneous change in type of alluvium from gravel to
sandy muds.

2)

3)

4)
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