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PREFACE

The CEA 2022 book is a collection of 14 articles. These are selected works from over 25 presented in oral
and poster form at the CEA/SAS conference on 4-6.04.2022 in Suchedniéw near Kielce. That is why the volume
ends with a short report from this conference along with photographic documentation of this event.

The articles in this monograph have been divided into three thematic parts. It begins with the part on al-
luvial and urban geoarchaeology, in which the works cover the territory of the Czech Republic, Poland, Cyprus
and Peru.

Articles about Poland were collected in the following sections. The first one, concerning the NE and N of Po-
land, presents various geoarchaeological problems from the Subneolithic to the present day. The second
part contains articles on the area of the Old-Polish Industrial District and various geoarchaeological aspects
caused by the development and decline of the metallurgical industry science the Middle Ages.

Tomasz Kalicki
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ALLUVIAL AND URBAN GEOARCHAEOLOGY

THE LOUGNA RIVER VALLEY (EASTERN BOHEMIA)
ON THE ONSET OF THE HOLOCENE

Ondrej Mlejnek, Libor Petr?

'Excellent Research Centre of Archaeometry, Archaeological Centre Olomouc, mlejnek@erca.cz
2Department of Botany and Zoology, Faculty of Science, Masaryk University, Brno, petr.libor@gmail.com

ABSTRACT

In the year 2018, several rescue archaeological excavations were performed in the surrounding Uhersko village in east-
ern Bohemia in a proposed highway alignment D35. One of these sites (M&stec/Ostrov) was dated to the Early Mesolithic.
The archaeological excavations were complemented with the environmental research focused mainly on the fluvial sedi-
ments in the Lou&na River valley. In this paper, the results of the archeological excavation of the Mé&stec/Ostrov site will be
connected to the results of the environmental research, which will help to improve our knowledge concerning the period
of the Pleistocene/Holocene climatic shift in this region.

Keywords: Lou¢nd River Valley, Mesolithic, Preboredl, lithics, pollen analysis

INTRODUCTION

In this presentation, we would like to present
the results of the archaeological and environmental
research in the surrounding of the Lou€nd River valley o = ‘f\ AP T = -
near the Uhersko village in eastern Bohemia (Fig. 1). e IR o2
Our results will not be presented as separate out- / L] T 2 j
comes, but we would like to use the archaeological ' '
as well as environmental data to depict the history
of local landscape during the Late Glacial/ Early Ho-
locene climatic shift circa 11,650 cal. years BP.
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RESULTS OF THE ARCHAEOLOGICAL EXCAVATION

In this chapter, the main results of an excavation
of the Early Mesolithic site Mé&stec/Ostrov will be pre-
sented. This site is located near the railway station
Uhersko on the cadastral territories of villages Ostrov
and Chroustovice-Méstec in Eastern Bohemia (Mlej—
nek, Z&hordk 2020, Mlejnek et al., in prep.). The site was
excavated from May to October 2018 as a rescue ar-
chaeological project located in a proposed highway
alignment (R35-section 6¢). The excavation was con-
ducted by the Archaeological Centre in Olomouc.

A total of 4986 lithics were found in a circa 30 cm
thick plow horizon. Another 141 lithics were collected

FIG. 1. Location of the Méstec/Ostrov site on a map of Bohe-

nearby during surface surveys. An area of 343 m?
(Fig. 2) was unearthed in a grid and all the sediment
was wet-sieved using sieves 2x2 mm mesh size, which
made it possible to find even the tiniest artifacts.

The raw material spectrum is quite varied. Usti nad
Orlici type semi-local Cretaceous chert dominates,

mia (b); location of the site on the map of Uhersko village
and its surroundings (a), the site location is marked with
a black dot; aerial photograph of the site with a grid overlay
(c), blue area - excavated squares, red lines — boundaries
of the D35 highway alignment

(www.mapy.cz by O. Mlejnek)
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FIG. 2. Méstec/Ostrov site plan with locations of Features 1and 2

(drawing by O. Mlejnek and S. Bambasova)

however quartz, erratic flint, jasper, Be€ov, and Skrsin type
quartzites, siliceous weathering products of serpenti-
nite, radiolarite, porcellanite, and other raw materials are
present as well (Table1). The presence of burnt lithics indi-
cates fire use at the site. The most commmon technological
categories include tiny fragments, flakes, blades, blade-
lets, and microblades. Small, usually heavily exhausted
cores are also present. Tools are represented by small
end scrapers, various types of burins, backed bladelets,
backed and Zonhoven type points (Vermeersch 2013),
splintered pieces, microlithic triangles, and retouched
flakes (Table 2, Fig. 3). A tanged tool with a retouched
tip used according to the use-wear analysis as a knife
and a borer is a unique find (Mlejnek, Stefanisko, in print).

TABLE 1: MESTEC/OSTROV. Proportion of particular raw mate-
rials in the assemblage

. Number
Raw materials Percentage
of artefacts

Spongolites (Spiculites) 3687 71.97
Quartz 509 9.94
Silicites (fllnts).from 292 570
glacigene sediments
Rock crystal 204 3.98
Quartz/Rock crystal 79 154
Jasper 68 1.33
Orthoquartzite, type Becov 38 0.74
Chalcedone weathering

T 17 0.33
products of serpentinites
Radiolarite 14 0.27
Orthoquartzite, type Skrsin 12 0.23
Porcellanite 10 0.2
Other raw materials 32 0.63
Undetermined pieces 161 314
Total 5123 100.00

TABLE 2: MESTEC/OSTROV. Table of basic lithic tool types. Com-
plete list of types will be published in Mlejnek et al. in prep.

Tooltype of ::er:il:;ns %
end scraper 26 14.29
burin 26 14.29
point 9 4.95
retouched blade 28 15.38
notch 2 110
splintered piece 15 8.24
side scraper 1 0.55
triangle 16 8.79
bladelet with a retouched end 1 6.04
backed bladelet 22 12.09
oected Blolr wih s | s
splintered piece — burin 2 110
retouched flake 10 5.49
tool fragment 1 6.04
total 182 100.00

TABLE 3. Radiocarbon dates from the pine charcoal found
in the Feature 2 on the Mé&stec/Ostrov site. Calibration graph
in Mlejnek et al. in prep.

D Lab Uncalibrated Error Calibrated age
number date BP BP cal, 20
M/002 | DeA-25068 9 856 38 11376-11 253
M/O03 | DeA-25069 9744 43 11293-11151
M/O04 | DeA-25070 9672 39 | 11254-10 850
M/O07 | DeA-2507I 9 852 41 11381-11 249

The assemblage can be essentially archaeologi-
cally dated back to the Early Mesolithic. A small pit
labeled as Feature 2 contained pine charcoal, which
was dated with the use of the AMS radiocarbon
method to the Preboreal period (ca 11,250 cal. years
BP, Table 3). A Late Palaeolithic admixture in the lithic
assemblage can be assumed due to the presence
of atanged tool and other slightly patinated bladelets
made of erratic flint. The collection of lithic artifacts
excavated at this site is one of the largest Mesolithic
assemblages from eastern Bohemia. It supplements
our knowledge of this period and also provides a new
dataset for comparisons with other sites and regions.

RESULTS OF THE ENVIRONMENTAL RESEARCH

Paleoenvironmental research was focused onthe near
alluvial sediments of the Lou¢nd River situated sever-
al hundred meters to the north of the Mesolithic site.
The alignment of the D35 highway construction was
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FIG. 3. Mé&stec/Ostrov. Photograph of selected tools. a) backed bladelets b) burins ¢) end scrapers d) microlithic triangles

(Photo. M. Krskov@, processed by O. Mlejnek)

investigated by geophysical methods, handheld core
drilling and several test pits conducted by mechanical
excavator. Subsequently, the alluvial sediments were
sampled in two profiles. The first one was a drill core
labeled as Turov. It was obtained in a former oxbow
of the Lou¢nd River dated from the Late Glacial period
to the Boreal period, situated near the Uhersko railway
station. The sedimentary record covered Late Gla-
cial and Early Holocene periods until the occurrence
of the broadleaf trees. Analyzed pollen record indi-
cates a presence of an open canopy pine and birch
woodland with rich herbal communities in the alluvial
plain (Petr, Novak 2014). The younger Holocene se-
quence is unfortunately decomposed due to the mod-
ern drainage systems. A peak of the microcharcoal
concentration is radiocarbon-dated to the Preboreal
period, such as the Mesolithic settlement Méstec/Os-
trov located nearby on a terrace of the Louénd River.
Therefore, we suggest a hypothesis that people main-
tained the alluvial plain by regular fire management.
This practice is known also from other Central Euro-
pean Mesolithic campsites.

The second profile labeled as Uhersko was sam-
pled from a trench conducted by a mechanical ex-
cavator approximately in the middle of a flat alluvial
plain. The bottom part of the profile consists of grav-
els and sands, which turn into the deposits of an exo-
reic (open) lake. These deposits contained aquatic

mollusks. Several pine trunks were lifted by a me-
chanical excavator from these layers. Some drifted
pine trunks were affected by a fire, which documents
the importance of fire events during the Late Gla-
cial period (Petr et al. 2014). Lake deposits gradually
turn into peat deposits. Several pine stumps and rich
rooting were preserved in the upper part of the peat
layer. It evidences a shift from a continuous lake sur-
face to a waterlogged pine woodland. The decline
of the pine woods was caused by a water level transi-
tion and by a shallow water calcareous clay and con-
cretions accumulation. According to the pollenrecord,
we can date this event to the early Holocene peri-
od. In general, the local pollen record is dominated
by pine, other plant species such as birch or herbs are
rare. This is a difference from the Turov profile, which
is caused mainly by different taphonomy of pollen
spectrum in a water stream. Later Holocene deposits
can be characterized as alluvial overbank deposits
affected by modern plowing and drainage.

CONCLUSIONS

Research around the Lou¢na River valley provides us
with an unusual insight into local human settlement
and environmental changes during the Late Glacial/
Early Holocene shift. Rich archaeological finds evi-
dence of a continuity of the Early Mesolithic settlement
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on the Louénd River terrace. The subsistence strat-
egies of the local Early Mesolithic foragers were
based on environmental diversity and productivity
of the Louéna River alluvium. Human impact in a form
of fire management of the alluvial valley is well visible
in the local sedimentary record. Dynamic environ-
mental changes during the Late Glacial and Early Ho-
locene periods are well documented by a changing
of various types of deposits, such as gravel alluvium
or calcareous shallow water reservoir sediments.
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OF MOZGAWKA AND NIDA RIVER VALLEYS (POLISH UPLANDS)
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ABSTRACT

During the Atlantic a maximum Holocene afforestation occurred in Central Europe and the first deforestation was human-
induced by introducing Neolithic farming. During the first half of the 4" millennium BC the first farmers related with the Fun-
nel Beaker culture (=TRB) appeared in Mozgawa and loess uplands. On the sandy alluvia of the Nida River, three alluvial
cones of silty sediments were deposited, which raised the level of the floodplain by 5 to 8 m. The alluvial fans reflect defor-

estation in the loess uplands of the Neolithic, Roman Period and Middle Ages.

Keywords: alluvial fans, deforestation phases, human impact, Prehistory, loess, Nida River

INTRODUCTION

Rivers and river valleys are a very good indicator
of various changes taking place in the environment.
Changes in their sediments and fluvial relief can be
observed, for example, in the amount of transported
material, river course and pattern as well as the for-
mation of alluvial fans in the mouths of tributaries or
erosive cuts, which are the result of soil erosion devel-
opment (e.g. Kalicki 20086).

RESEARCH AREA

The research area is located southward of the Holy
Cross Mts. (Fig. 1), within the Polish Uplands in the Nida
river valley (Kondracki 2002). The upland character
of the relief, the compliance of the Nida Basin de-
pression with the tectonic structure, the preserva-
tion of the Tertiary old relief, the lack of a continuous
and thick cover of glacial deposits significantly alter-
ing the older relief is typical for the entire region.

Nida is created from the connection of two riv-
ers, Czarna Nida and Biata Nida, in village Brzegi near
Checiny. The length of the entire watercourse exceeds
150 km, the basin area is 3862 km?, and the average
discharge is 19 m3/s. In the upper reach, the Nida flows
on the Cretaceous basement, cutting into limestones,
and in the middle and lower reaches, it creates gorg-
es between the Cretaceous rocks (on the right bank)
and the Neogene rocks (on the left bank). The middle
Nida valley is filled with the Quaternary sediments,

FIG. 1. Location and geological map (Urban 2014) of study
areq; 25 - Potaniec Basin, 26 — Pihczow Hump, 27 — Solec
Basin, 28 — Wodzistaw Hump. M — Potaniec Depression,
N — Pificzédw Horst, O — Solec Depression, P — Nida Horst

including glacial deposits, and the right-bank part
of the catchment, Wodzistaw Hump, is covered with
loess. The hump forms an expressive, compact, up-
land elevation, elongated from NW to SE, about 40 km
long and 10 km wide. It rises from 200 m in the east
near Ztota to 368 m a.s.l. in the culmination of Géra
Przygrzeb, located north of Krzeszbwek near Ksiqz
Wielki. Despite the carbonate substrate, karst phe-
nomena did not develop here, and the Cretaceous
rocks on 2/3 of the hump is covered with loess
and loess-like formations with an average thickness
of 1-2 m (Gilewska 1972), and a maximum thickness
of 20 m (Cabaj, Nowak 1986). The loess cover did
not obliterate the key features of the morphology
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and follows the relief of larger humps and valleys.
Loess accumulated in several periods, the oldest ones
come from the Odra stadial (Maruszczak 1987), but
the greatest area is that of the Vistulian loess (Jersak
et al. 1992). On the plateaus there is the primary loess
accumulated by aeolian processes. On the slopes
and in the valleys, apart from the aeolian loess,
there are secondary ,loess” covers formed as a re-
sult of the redeposition of primary loess by exoge-
nous processes at various periods (Jersak et al. 1992,
Snieszko 1995).

Wodzistaw Hump descends towards the Nida Riv-
er valley in two erosive steps: the higher one (240 m
a.sl) is pre-Quaternary, the lower one (185-190 m
a.s.l.), probably Pleistocene, it is already in the Nida
valley (Radtowska 1966, tyczewska 1969). It descends
with a steep edge of loess and loess deluvia into
the valley bottom (Fig. 2).

The hump has no permanent rivers, but is dense-
ly cut with valleys of small permanent and periodic
watercourses as well gullies and flat-bottom valleys.
The bottom of dry valleys is filled with sandy sedi-
ments, and at their mouth there are alluvial fans
(tyczewska 1971, 1972). Here, interfinger of alluvium
and slope deposits occur, which indicates the simul-
taneity of river accumulation and pluvial-solifluca-
tion in the periglacial environment (Cabaj, Nowak
1986). One of such watercourses is Mozgawka, which
drains a large part of the hump flowing from Kostrz-
eszyn, through Wola Chroberska, Zawarza to the vil-
lage of Mozgawa, where it flows into the Nida.

During the Atlantic a maximum Holocene aof-
forestation occurred in Polish Uplands and the first
deforestation was human-induced by introducing
Neolithic farming. The loess area was densely popu-
lated by the agricultural population of Neolithic cul-
tures (Fig. 3) (Malega et al. 2016, 2019). During the first
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FIG. 2. Geological profile in loess edge of right slope
of the Nida River valley near Jurkéw (Biesaga 2016);
| — pig bones, Il — ceramics, Ill — loess concretion, Lithol-
ogy: A — sandy loess, B - loess, Fraction: C - coarse sand,
D - medium sand, E - fine sand, F - coarse and medium silt,
G - fine silt, H - Clay. Folk-Ward's (1957) distribution param-
eters Mz — mean diameter, 5| — standard deviation (sorting),
Skl - skewness, KG - kurtosis
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FIG.3. Neolithic sites in the Nida River valley near Wislica
according to data of Archaeological Map of Poland (AZzP)
(Malega et al. 2016, 2019)
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FIG. 4. Location of geological boreholes and section across
the valley bottom of the Nida River on Digital elevation
Model (DEM). 1 - own radiocarbon dates, 2 — radiocarbon
dates from Szwarczewski (2009), 3 - radiocarbon date from
Moskal-del Hoyo, 4 — cross section line 5 — alluvial fan

half of the 4" millennium BC the first farmers relat-
ed with the Funnel Beaker culture (=TRB) appeared
in Mozgawa and built a long-lasted settlement. It was
located on a loess hill directly N of the Mozgawka es-
tuary. During the Neolithic occupation of the Mozgawa
settlement, processes of slope erosion were initiated
and created the thick layer of mineral colluviums
(diluvium) at the bottom of the loess hump (Moskal-
del Hoyo et al. 2018). The morphology and the DEM
show two alluvial fans deposited on to the bottom
of the Nida valley, the first at the mouth of the Mozgaw-
ka valley and the second at the exit of the dry valley
northward from the first one (Fig. 4).

AIM AND METHODS

In order to identify the structure and age
of the Mozgawka alluvial cone, a number of inter-
disciplinary methods were used. Maps and pub-
lished and unpublished materials were queried. With
the use of the mechanical Cobra drill, geological
boreholes were made to a depth of 700 cm, as well
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FIG. 5. Section across the Nida floodplain near Mozgawa (location see Fig. 4) and lithology and grain size of study profiles;
1 - Cretaceous limestones, 2 — Cretaceous marls and limestones, 3 - Pleistocene and Holocene sands,4 — Pleistocene loess;
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ing, | - planned “C dating; Folk-Ward'’s (1957) distribution parameters: Mz — mean size, 8, — standard deviation (sorting),

Sk, — skewness, K — kurtosis

as exposures located on the section across the entire
bottom of the Nida valley. In the laboratory of Depart-
ment of Geomorphology and Geoarchaeology Jan
Kochanowki University in Kielce, sediment samples
collected from the cores were subjected to grain size
analyzes using a Masterizer 3000 laser meter for fine
fraction and a set of sieves for sands. Organic matter
content was determined using the loosses roasting
method. Radiocarbon dating of organic sediments
was also performed.

RESULTS

In the SW part of the cross-section, the alternating
sandy and silty layers are separated by the lens-
es of peaty silts and clayey peats. The lowest or-
ganic level was dated to the decline of the Atlantic:
5040+80 BP (MKL 5738) cal. 3976-3651 BC (95.4%)
and 5190+70 BP (MKL 5734) cal. 4235-3801 BC (95.4%)
They are covered with a layer of dust, in the bottom
of which the wood was deposited at the beginning
of the Subboreal: 4560+110 BP (MKL 5733) cal. 3618-
2927 BC (95.4%) (Fig.5).

The higher level of peaty silts was dated
to the La Téne-Roman Period 2240+90 BP (MKL5736)
cal. 539-44 BC (95.4%). It was covered with another

silty-sandy member in the Roman period yet at
1950£100 BP (MKL-5737) cal. 197 calBC-331 calAD
(95.4%) in the Mozgawka estuary, while further to-
wards the axis of the valley, the change from or-
ganic to mineral sedimentation took place only
in the Middle Ages at 650+80 BP (MKL-5735) cal. 1129-
1427 AD (95.4%). Within the meander belt of the Nida
River there are cut and fill body of sandy alluvium
(medium and fine sands) covered in the SW part
by the above-mentioned organic layer. The back-
swamp on the left-bank floodplain is filled with fine
sands interbedded by silts (Fig. 5).

DISCUSSION

According to previous research results, the level
of the flood plain in the Eoholocene was 6-8 m lower
than the modern one (Moskal-del Hoyo et al. 2018),
and the alluvial fan of Mozgawka River began to ac-
cumulate in the Neolithic (6000-5890 BP). However,
one cannot agree with Szwarczewski's (2009) claim
that, when connected to a cone located at the mouth
of a dry valley north of the Mozgawka River, it formed
a stagnant water area from which water could not be
drained off, because the second cone from dry valley
is much younger, according to the dates published
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in this work. The Neolithic fan of Mozgawka River
was deposited until the beginning of the Subboreal,
and during this period it reached about 600 m into
the floodplain, which was acreated by it about 3 m
(Fig. 4, B). This large horizontal and vertical extension
was sufficient to create a badly drained area north-
ward of it with a water reservoir, in which gyttja could
accumulate (comp. MOZ 4/2015 profile in Moskal-del-
Hoyo et al. 2018).

The next alluvial fan of Mozgawka river began
to accumulate in the Roman period, but its dimen-
sions were much smaller, both vertically and horizon-
tally (Fig. 4, 5).

The youngest phase of the alluvial fan forma-
tion falls on the Middle Ages. At that time (1050 BP),
a alluvial fans at the mouth of the dry valley north-
ward from Mozgawka River (Szwarczewski 2009)
and the youngest alluvial cone of Mozgawka were
formed. Both cones joined together, covering the lay-
er of organic sediments already within the meander
belt of the Nida approx. 780-650 BP (Fig. 4, 5).

The grain size of the alluvial fan sediments is very
similar to loess, e.g. at Jurkéw site (Fig. 2), which indi-
cates that they were formed as a result of soil erosion
in Wodzistaw Hump.

CONCLUSIONS

On the sandy alluvia of the Nida River, three alluvial
cones of silty sediments were deposited, which raised
the level of the floodplain by 5 to 8 m. The alluvial fans
reflect deforestation in the loess uplands of the Neo-
lithic, Roman Period and Middle Ages.
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ABSTRACT

The results of the research allowed to reconstruct the Quaternary evolution of the Paphos region (off-site area), conditioned
by neotectonic movements and climate change, and to determine the state of the environment at the time of the settle-
ment of this area by the founders of Nea Paphos (,zero point”, on-site area). Nea Paphos is an example of a city that,
despite not very favorable environmental factors was able to exist. Economic and political reasons (access to the port)
were the main factors determining the founding of this city. Further research will focus on determining the environmental
conditions of the ancient city’s functioning, e.g. water supply and determining the alluviation phases in the Kouris river
valley, etc. This will make it possible to compare a number of geoarchaeological and palaeogeographic problems related
to the location and functioning of the ancient cities of Nea Paphos and Kourion in the SW part of Cyprus, to identify simi-

larities and differences.

Keywords: geoarchaeology, ancient cities, Nea Paphos, Kourion, Cyprus

INTRODUCTION

Cyprus is located in the eastern part of the Mediter-
ranean Seq, in the subtropical (Mediterranean) zone
(Fig. 1). In contrast to the rest of the eastern Mediter-
ranean, the island is located between the Anatolian
plateau and the foreland of the African Plate. This area
is characterized by high neotectonic activity, var-
ied relief, and subtropical climate. During the Upper
Pleistocene the uplift rate of the Paphos region, cal-
culated from the high of MIS 7 and MIS 5 maritime ter-
races, is 0.35-0.39 mm/yecr butinthe Lemesosregion
is only 0.02 mm/year (Zomeni 2012). The uniqueness
of Cyprus is partly due to the fact that as a preserved
ophiolitic complex with a hydrated core it’s like a dia-
pirically uplifting entity. Coupled with the nearshore
tectonic activity of the Cyprus arc collision zone, there
exists a dynamic environment of landscape evolution.
Repetitive Quaternary sea level change has created
coastal features that due to continuous uplift have
been preserved as maritime and fluvial terraces.

The research region is located in the south-
western part of Cyprus near Paphos and Lemesos.
Geologically, Paphos is located in the Mammonia
terran, surrounded by the Mesozoic Circum Troodos
and the Troodos Mountains. The study area covers
the ancient site of Nea Paphos with its immediate

CYPRUS| ™
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FIG. 1. Digital elevation model [DEM] of the eastern Mediter-
ranean region combining bathymetry (in meters) and to-
pography (“DS” — a section of the Dead Sea transform, “ES”
- The Eratosthenes Seamount) (Harrison et al. 2008)

surroundings, i.e,, the ancient necropolis located ap-
prox. 3 km north of Nea Paphos and the ancient port,
as well as the modern city of Paphos (study on-site;
Fig. 21). The second study area is located in the Ezou-
sas River valley, approximately 6 km to the east of Nea
Paphos (study off-site; Fig. 2:2).

The ancient city of Kourion lies near the Kuris Riv-
er about 15 km westward of Limassol. It is located
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FIG. 2. Study area in Paphos; 1 - on site areaq, 2 — off site area

on the end of the limestone/chalks plateau (Circum
Troodos Sedimentary Succession of the Troodos
Mountains).

AIM OF STUDY AND METHODS

The main aim is to determine the influence of the natu-
ral environment of the location and functioning of an-
cient cities Nea Paphos and Kurion. Particular emphasis
was placed on getting to know the landscape and its
Quaternary evolution as well as confronting these data
with archaeological and historical sources. The proj-
ect entirely refers to the Hellenistic and Roman period,
when the ancient cities existed in this area. Due to their
location, there were one of the most important places
on the political and commercial map of the ancient.
Other purposes of the research include (1) identifica-
tion of the site of the second port of Nea Paphos, known
from the sources of ancient writers, (2) identification
of the settlement stratigraphy of Nea Paphos, (3) stra-
tigraphy and alluviation phases in the Ezousas and Kuris
rivers, (4) typology, regionalization and valorisation
of geoecosystems in the Paphos and Lemesos region.

The fieldwork included geological mapping
and sedimentological analysis of sandy gravel alluvi-
um of various terrace and flood plain levels (Kalicki et
al. 2018q, b, ¢, 2020, 20210, Chwatek, Kalicki 2022). Grain
size field analysis based on Rutkowski’s (2007) method
(Bluszcz et al. 1997), petrographic analysis using a po-
larized light microscope (Kalicki et al. 2021a), and sam-
ples for TL dating were also done. Dating of alluvium
by TL method was conducted in the Geomorpho-
logical and Hydrological Laboratory of the Institute
of Geography and Environmental Sciences of Jan Ko-
chanowski University in Kielce (Kalicki et al. 2021b).

Research in Nea Paphos region has been carried
out since 2014, while in Kourion and Kuris River valley
in October 2021, only a field survey was carried out.

RESULTS FROM NEA PAPHOS REGION
Palaeogeographical reconstruction

The results of the research allowed to reconstruct
the Quaternary evolution of the Paphos region (off-

site area), conditioned by neotectonic movements
and climate change, and to determine the state
of the environment at the time of the settlement
of this area by the founders of Nea Paphos (,zero
point”, on-site areq).

The Paphos region gradually emerged from
the sea from the Pliocene, but the coastal area only
in the Quaternary. In this period, high neotectonic
activity caused the area to be raised (0.39 mm/year
in the Upper Pleistocene) and the formation of sub-
sequent ones, elevated to over 400 m a.s.l. inter-
glacial maritime terraces (MIS 15, MIS 13, MIS T1, MIS 9,
MIS 7-5) for at least more than 620 ka. These levels
are one of the dominant forms of relief in the study
area and are clearly marked in the coastal land-
scape by flattening at the height of approximately
410, 300, 190, 130, 60 m a.s.l. respectively on the fore-
ground of the hills formed on the rocks of the Meso-
zoic edge of Troodos and the Mammonia terran. With
the exception of the highest preserved in residual
form, the others form extensive, flat, or slightly sloping
plains separated by edges, the clearest in form rock
walls or rock-weathered slopes with a relative height
of up to 50 m between the MIS 9 and MIS 7-5 terraces.

The abrasion has cut maritime terraces in the un-
derwent karst processes Miocene carbonate rocks
of the Mesozoic Circuum Troodos. On the abrasive
and accumulation levels of these terraces, there
were, probably aeolian, silty sediments accumu-
lated. On the MIS 9 terrace, the silty series (aeolian?)
sedimented since about 200 ka in several phases
separated by the formation of fossil soils (Koskinas
2) until the end of the Pleistocene (Paphos Quarry).
On the lowest terrace MIS 5 near the Nea Paphos ar-
chaeological park and the Kings Avenue Mall shop-
ping center, there are erosive remnants of poorly
lithified carbonate-sand rocks which, by weathering,
provide sandy sediments that are subject to further
morphogenetic processes.

Each lowering of the sea level associated with
successive the Quaternary glaciations triggered
karst processes at the same time. During the last
maximum glaciations (LGM), at a lowered sea level
(approx. 100-150 m), underground karst void (caves)
formed in limestones on the MIS 5 terrace (under
the Nea Paphos agora) were routes of the intensive
karst water flow towards the sea. Along with the grad-
ual rise of the sea level and a transport power de-
crease of karst waters, the caves were filled with “terra
rosa” sediments (TL data from well fill under the ago-
ra 17.9+2.7 ka) wash out from the surface.

Numerous Quaternary faults in the southern part
of the Mesozoic Circuum Troodos occur. There are
parallel to the coast in the Paphos area. The varied
movements have resulted in the formation of horsts
and grabens cross by large rivers flow from Troodos
i.e. Ezousas. The high tectonic activity led to numer-
ous earthquakes in the Quaternary. They are respon-
sible for the formation of landslides and rockfalls
in mountainous areas, e.g., in the Episkopi region
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in the Ezousas valley about 28.6+4.3 ka., and tsunami
(e.g. in historical times 76-77 AD and 342 AD) attack-
ing and flooding the coast and throwing large blocks
of rocks found at two sites on the lowest maritime ter-
race in the Paphos area. These catastrophic events
eventually led to the destruction of Nea Paphos.

River valleys are the second characteristic fea-
ture of the coastal landscape. Maritime terraces cut
both short, steeply sloping watercourses springs
in the Mesozoic Circuum Troodos (e.g., Koskinas),
as well as periodic long rivers starting in these moun-
tains (e.g., Ezousas).In these valleys, strong alluviation
was found in the Pleistocene and small in the Ho-
locene, which was caused by climate change. Two
main phases of alluviation have been distinguished:
75-48 ka and 25-13 ka (Fig. 3). At the same time, grav-
el inserts in the Paphos quarry document torrential
flows occurring on the surface of the MIS 9 terrace
several thousand years ago. This may have occurred
during the younger alluvial phase when the alluvial
plains accumulated in the lower part of the Ezou-
sas river about 16.1£2.4 ka. Accumulation of alluvia
in the river valley, as well as the presence of torren-
tial flows transporting gravel on sea terraces, could
have been favored by climate humidity and an in-

crease in rainfall typical for the Mediterranean cli-
mate in summer.

The older phase was marked in both types of val-
leys, while the younger one only in large valleys (Ezou-
sas). This may be because in small valleys during
the LGM, a very large decrease in the erosion base
as a result of the sea level drop by 100-120 m resulted
in the intensive headward incision. Erosion has not yet
reachedthe MIS11terrace, while onthelowerterracesit
has created deep gorge cut the flat abrasive surfaces
of these terraces. High slope and the large transport
power of these watercourses as well as the specific-
ity of eroded sediments (silts) caused the products
of this intense erosion were carried to the sea and did
not form a alluvial cut and fill in these valleys. Differ-
ently, the erosion-accumulation cycles were marked
in large and longer valleys, where in the upper course
of the river with the predominance of erosive pro-
cesses, a few alluvial covers (series) were preserved,
while the sediments were deposited in the middle
and lower part of the river with the dominance of ac-
cumulation.

The rapid rate of uplift meant that in the upper,
mountain section, the rate of river incision in the period
from approx. 60-20 ka was approx. 30 m. An erosion
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and accumulation terrace were formed then,
and the river eached the present level. At the same
time, in the wetter period of LGM, there was a large
crosswise supply to the main riverbed, both from
the tributaries (alluvial cones — a coarse-clastic
series with colluvium) and from the valley slopes.
As the flow rate and the transport power decreased,
the sediments at the valley floor were only washed
and the coarse colluvia and alluvia (diameter >20 cm)
lie in the riverbeds of the Ezousas spring valleys from
the LGM, hindering the process of deep erosion
and forcing lateral erosion of watercourses. The mi-
nor role of fluvial transport in the Holocene is con-
firmed by the measurements of contemporary fluvial
processes, a significant share (up to 25%) of colluvia
in channel sediments, as well as hydrological data.

In the Pleistocene in the foreland of the Troodos
Mts. and their sedimentary margins, the sediments
eroded upstream were deposited, because the val-
ley is wider, and the river slope is clearly decreasing.
Inthe middle section, cutandfill of differentages (from
400-2 ka) are located on almost one morphological
level. Only the Medieval member are here about 2 m
higher, but aggradation in the 4-phases, with flash
flood and overbank accumulation in the top, did not
cover the entire valley bottom in this period, but only
a fragment of the alluvial plain of the braided river.
In the lower part, the river crosses several tectonic
horsts, which were uplifted about 30 m during the last
20 ka, and the alluvial series from the two Pleistocene
alluviation phases are superposed here on the ero-
sion-accumulation terrace. In its lowest part, the riv-
er crosses uplifted maritime terraces, and the uplift
here can be estimated at about 11 m during the last
60 ka. Alluvia of different age created accumulation
terraces here. In all these sections, a small role of flu-
vial transport in the Holocene was also found, which
is confirmed by petrographic studies (the maximum
length of transport is 7 km), measurements of con-
temporary fluvial processes (no transport of gravel,
but only suspension fraction), as well as hydrological
data (flows do not occur each year). Only in the lower
section, the Holocene alluvia from the Roman period
were found, covered with the Roman and Medieval
colluvia.

While in the Troodos Mts,, the climatically condi-
tioned phase of increased mass movements has
been identified, probably attributable to LGM, in their
foreland, two other periods of an increased of mass
movements activity occurred. The first of them,
in the middle section, was related to the Interplenigla-
cial climate, when slope sediments dated at 63.2 ka
covered alluvia. The older alluviation phase was also
dated to this period in both large (Ezousas) and small
valleys (Koskinas). In turn, after the LGM (after 22.5-
19 ka each), a landslide was formed on the erosion-
accumulation terrace in the lower reaches of Ezousas,
but the factor that triggered it is unknown. The sec-
ond phase of mass movements is known only from
the lower part of Ezousas and was associated with

human activities in the Roman and Medieval peri-
ods. Slope sediments with a thickness of 2.5 m were
covered alluvia from the Roman period. The young-
est modern colluvia were recognized in the Koskinas
valley.

Environmental analysis of the Nea Paphos location
An analysis of the environmental factors that could
have influenced the location and functioning
of the ancient city of Nea Paphos in the period 4 c.
BC-4™" c. AD showed that terrain type | is the most
favorable in this respect, and terrain 1 within it. Apart
from political factors and geographical location,
were probably one of the most important aspects
in the search for a new place for settlement, the en-
vironmental conditions of site 1 ensured the possibil-
ity of founder and operating Nea Paphos for many
centuries. These conditions included: (1) availability
of water, conditioned by the existence of periodic flow,
underground karst waters, and shallow groundwa-
ter on river terraces, (2) soils suitable for cultivation
and breeding in the fluvial terrace areas, (3) outcrops
of older rocks that could have been used as quarries
for the exploitation of building material, (4) a slight
slope of the land, which it is relatively easy to build
residential and other buildings related to the proper
functioning of the city, (5) large physical and geo-
graphical diversity of the area.

The valuation shows that areas 1 and 2 (67%
of the maritime terraces) have all the best environ-
mental factors necessary for the location and func-
tioning of the ancient city. In areas 3 and 4, the area
of episodic watercourse geosystems is growing at
the expense of periodic ones. This can cause specific
problems in the water supply and thus in the agri-
cultural and livestock activities. Therefore, these are
areas less attractive for the location of a city. However,
as the cities developed, they could also serve as plac-
es from which access to the mountain areas, where
there were mines of mineral resources, was much
easier. Terrain 5 is the area where there is the small-
est number of periodic flows (2%) and the highest
number of episodic flows (10%). Poor access to wa-
ter and relatively steep slopes (approx. 20°) make it
the least favorable area for settlement.

To sum up, areas 1 and 2 can be considered
an oecumene (61% of valuation points), areas
3 and 4 as a suboecumene (23% of evaluation points),
and area 5 as an anoecumene, the so-called bad-
lands (16% of valuation points).

Ancient Nea Paphos is located on the uplifted mari-
timeterraceMIS5-7inthe geosystemterrain1-thelow-
est maritime terrace. It is located on two subtypes
of forestareas 1.6 and1.7.ltislocated on the sediments
of maritime terraces with episodic and periodic sur-
face watercourses and karst groundwater. The abso-
lute heightis 0-55ma.s.l, and the slopeis approx. 0-2°.
In this areq, there are carbonate lithosols and “terra
rosa”. The morphogenetic processes on the subtypes
include physical and chemical weathering, abrasion,
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karst processes, rockfall, landslide, periodic wash
out and anthropogenic processes. Subtype 1.6 also
shows the greatest fragmentation (19%) in area
1 which proves the great diversity of the area.

The city was built on the bedrock with the Holo-
cene soil in the top, without anthropogenic levels,
and with the use of natural relief. The GPR echograms
show a clear boundary between the anthropogen-
ic layers and the bedrock at a depth of about 1 m,
and TL dating of the karst weathered top of the lime-
stones below the anthropogenic layers gave a result
of 6.7+1.01 ka.

The results of detailed interdisciplinary research
both on-site and in its surroundings (off-site) un-
equivocally refuted the hypothesis of the exis-
tence of a second port north of Agora Nea Paphos
in the quarries and the area of the modern city
beach because: (1) dusty deposits on the raised sea
terraces and in the pedestals of Koskinas erosion
and accumulation terraces, eroded and cut from
approx. 40 ka years, they were transported in sus-
pension to the seq, where they dispersed and could
not land where the ancient harbor was supposed
to be, (2) the sediments in the “Kamieniotom” pro-
file near Agora are a very young weathered cover
(,modern terra rosa”) almost from the surface with
fragments of limestone 8-10 cm in size. The rough
and uneven limestone surface is already locat-
ed at a depth of 1.2 m — 3.0 m, which contradicts
the existence of port docks in this place according
to the Balandier (2014) concept. GPR echograms
from the so-called ramps and the quarry itself
show anomalies that may be remnants of existing
anthropogenic structures, not necessarily related
to the port, (3) the GPR profile made on the western
border of the quarry shows too shallow anomalies
that could constitute a channel supplying wa-
ter to the quarry where the port would be located.
This contradicts the hypothesis of French archae-
ologists about the existence of a connection be-
tween the sea and the quarry (Balandier 2014), (4)
on the city beach in Paphos, contemporary sands
(AMS and TL dating) were found with algae inter-
calations up to a depth of about 1 m, lying on karst
weathered (,terra rosa”) in the top of the carbon-
ate bedrock (from 1.5 m deep), although local-
ly, on the profile cuts of the beach made by GPR,
the rock occurs already at a depth of 0.4 m. These
sands, resulting from the destruction of carbonate,
sandy erosive remnants, are washed away and de-
posited on the beach at the mouth of a dry valley,
which is the northern border of the archaeological
reserve. Then they are redeposited, on the one hand,
by the undulating surface of the abrasive platform
and, on the other hand, by the inland westerly winds
onto the windward slopes of the MIS 5 sea terrace,
which resulted in filling the test trench with 1 thick
layer of aeolian sands.

Negative verification of the hypothesis about
the existence of a second port, however, does not

exclude the functioning of the marina here, which
could be favored by the morphology of this sec-
tion of the coast and ,slippery” clay deposits (“terra
rosa”), which could facilitate the transport of boats
to the shore, and were covered by sands only after
the fall of Nea Paphos.

PRELIMINARY RESULTS FROM KOURION

The ancient city of Kourion is located on the end
of the limestone/chalks plateau (Circum Troodos
Sedimentary Succession of the Troodos Mountains).
From the south, its buildings reach the old sea-
cliffs about 100 m high. It is further active under-
cut by the sea only in the SW part and transformed
by landslides. Between the SW and SE headlands
of this cliff, there are an old cliff faces worn back
by weathering closing the ,bay” between the head-
lands. On this slightly gentler rocky and weathered
slope, traces of agricultural terraces are preserved.
At the foot of the cliff there is an uplifted marine ter-
race (MIS5) made of sand and gravel. A cover of ae-
olian sands lies directly at the rock-wall. There are
built by onshore winds blowing over sandy beach.
The Byzantine Basilica complex (5™ c. AD) was situ-
ated on the uplifted terrace. From N, a limestone
plateau with ancient Kourion is limited by the vast
valley of the Kouris river tributary. Within it, two flu-
vial terraces are preserved, indicating the gradual
cutting of the plateau by a stream. The outlet of this
tributary and its sediments meet the very vast al-
luvial plain of the Kouris River delta extending E from
Kourion.

At the entrance to the city from the E side, there
is an old Roman quarry, artificially undercutting
the old sea-cliffs. The well-developed weathering
structures on the rock surfaces testify to the antig-
uity of the quarry. The limestone from the quarry
could be used to build the city. On the quarry walls,
a 0.5 m wide fault and a 1.2 m throw is visible, prob-
ably caused by an earthquake, and extension frac-
tures (fissures), secondary blurred by erosion.

Akrotlri

FIG. 4. Relief of ancient Kourion region (photo T. Kalicki)
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FINAL CONCLUSIONS

Nea Paphos is an example of a city that, despite
not very favorable environmental factors, such
as limited access to water or poorly fertile soil, was
able to exist, function, and compete with other an-
cient cities in the Mediterranean region and beyond.
In the case of Nea Paphos, the main factors deter-
mining the founding of the city were purely economic
and political reasons (access to the port), on the ba-
sis of which the city developed and functioned for
about 800 years. Only the two earthquakes in Nea
Paphos in 342 CE and 394 AD led to the fall of this city,
and the capital was moved to Salamis.

Further research will focus on determining the en-
vironmental conditions of the ancient city’s function-
ing, e.g. water supply and determining the alluviation
phases in the Kouris river valley, etc. This will make it
possible to compare a number of geoarchaeological
and palaeogeographic problems related to the loca-
tion and functioning of the ancient cities of Nea Pa-
phos and Kourion in the SW part of Cyprus, to identify
similarities and differences.
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ABSTRACT

Large-scale systems of agricultural terraces was constructed by the Lima culture groups in the Lomas de Lachay. The ter-
races are usually located in the channels of the dry river valleys. Main water source for the fields was shallow ground wa-
ter. The agriculture was intensive, community-managed and infrastructure-based. Despite significant land-use changes
and landscape transformation the agricultural terraces were abandoned due to decrease in water availability related

to decrease in the frequency of El Nifio events.

Keywords: agriculture terraces, Lima culture, water management, desert agriculture

INTRODUCTION

Lomas de Lachay are located on the Central Coast
of Peru, approximately 100 km north of Lima and ca.
10 km from the shoreline (Fig. 1). They are situated
on the low ridges (max. altitude ca. 1130 m a.s.l.) be-
tween two valleys of perennial rivers: Rio Chan-
cay (ca. 25 km to the SE) and Rio Huaura (ca. 30 km
to the N). The study area is located in drainage basins
of Quebrada Rio Seco de Ledn and Quebrada Dofia
Maria, which are both episodic rivers active only dur-
ing El Nifio episodes. Environmental studies (Kalicki et
al. 2014; Kalicki, Kalicki 2020) indicate that there were
no perennial rivers in the study area since the end
of the last glacial.

Despite being located far from the perennial rivers,
arelatively abundant vegetation developed in Lomas
de Lachay due to garda phenomenon (Rundel, Dil-
lon 1998, Rundel et al. 2007). During austral winter due
to the cold Humbold Current flowing alongside Peru-
vian coast the humidity condensates creating a layer
of thick and low Stratus clouds. They over land form-
ing thick fog (garaa), which deposits humidity on first,
low ridges of the Andes (Rundel, Dillon 1998, Dillon et al.
2003). During the humid season (June to November)
the relative humidity is usually about 100%, the av-
erage temperature is below 15°C, and the precipita-
tion sum is ca. 120 mm (about 75% of the annual sum
of precipitation). During the dry season (December
to May), the relative humidity reaches 82%; the aver-
age temperature is about 20°C, and the precipita-
tion sum is extremely rare (ca. 40 mm). This pattern
is modified by strong El Nifio episodes, which bring

FIG. 1. Location of the study area. LSA — limits of the study
areq; 1 - Rio Huaura, 2 - Lomas de Lachay, 3 — Rio Chancay.
The sources of the satellite image of South America is Wiki-
pedia and of zoomed fragment of terrain is Google Earth

torrential rains doubling the annual sum of precipita-
tion (to ca. 320 mm) with maximum precipitation (ca.
50%) in the middle of dry period (January-February)
(ordonez, Faustino 1983, Shoobridge 2003).

Lomas de Lachay is covered by fog-dependent
vegetation forming the lomas ecosystems. Due
to the influence of the altitude and relief on frequen-
cy, duration and thickness of the fog there are many
types of lomas: cacti lomas on low-lying (below
200 m a.s.l) or leeward slopes; herbaceous lomas
on the valley bottoms and on the slopes; shrubby
and park-like lomas in the narrow gullies and wind-
ward slopes between 400 and 600 m a.s.l; and Bro-
meliacease lomas on rocky cliffs (Rundel, Dillon 1998,
Dillon et al. 2003). The vegetation attracts many
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species of invertebrates, birds and mammals (An-
dean deer, Andean foz, guanoco).

Archaeological survey discovered abundant trac-
es of pre-Hispanic human activity in the study area
(Kalicki et al. 2014). There were at least six settlement
phases separated by hiatuses. During two of them,
Lima (200 BC-500/800 AD) and Inka (1450-1550 AD),
permanent settlements were present in the study
area. In Lomas de Lachay there are traces of large-
scale agricultural infrastructure, mainly (ca. 93%)
channel type of agricultural terraces (Engel 1987).

RESULTS

The most common form of agricultural infrastructure
in the study area are complexes of agricultural ter-
races (henceforth “CATs"). Although such features are
popular in the Central Andes (Brooks 1998, Denevan
2001), unlike the famous terraces from the Colca valley
orUrubambavalley, almostall (ca. 93%) of the terraces
from Lomas de Lachay are channel terraces, located
in the dry channels of the narrow gullies and ravines.
Only some are located on the broad valley floor
(ca.1%) and on the lower parts of the slopes (ca. 6%)
(Fig. 2). Basing on the scarce pottery sherds and spa-
tial association between the CATs and settlements,
the CATs most likely correspond to the Lima culture.
No traces of irrigation canals were found
inthe study area.Inthe Holocene the climate of the Lo-
mas de Lachay was relatively stable and resembled
contemporary conditions, where there is virtually
no precipitation during years without El Nifio events.
The possible water sources are thus hypothetical
natural watercourses, direct absorption of humidity
brought by the fogs or ground water. No traces of pe-
rennial or seasonal rivers from the Holocene were
found in the lomas area. Location of agricultural ter-
races in the channels also makes improbable pres-
ence of running surface water, which would have
eroded the structures. The preferred location of CATs
is below the zone of the most frequent fogs, which
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FIG. 2. Distribution of CATs by the fog zone (a) and by the area
in m? (b) CDZ - Coastal Desert Zone (below 200 m a.s.l),
CDZ/LGZ - CATs located both in the CDZ and LGZ, LGZ — Lower
Garda Zone (200-400 m a.s.l.), LGZ/FGZ — CATs located both
in the LGZ and FGZ, FGZ - Freguent Garda Zone (400—600 m
a.s.l.), FGZ/UGZ - CATs located both in the FGZ and UGZ, UGZ
- Upper Garda Zone (600-800 m a.s.l.)

doesn't support direct deposition of water by the fogs
as primary water source. Preferred localization of CATs
in the lowest parts of the river valleys, preference for
the upper parts of the tributary valleys, preference for
the location of CATs on rocky and waste-covered sur-
face, and location of the majority of the CATs below
the zone of the most frequent fogs (Fig. 2a) or even
below the fog zone at all, indicate that the shallow
ground water was the most probable water source
for the agriculture. It was alimented both by season-
al fogs and catastrophic rains during El Nifio events,
which is supported by the concentration of the CATs
on the windward slopes in the lomas ecosystem
and correspondence between preferred exposition
of the CATS, (W-SW-S, 69%) and dominant wind di-
rections (S and SW).

Despite large scale of the CATs there are no
traces of central management of the agricultural
infrastructure. The CATs follow natural relief of ter-
rain and often have dendritic pattern. Most of them
have relatively small area (Fig. 2b). They have no sec-
tors and tend to incorporate natural features (large
boulders, rocky outcrops, steep sections of channel)
into construction. The construction technique is op-
portunistic, using local raw material (irregular, angu-
lar, non-standardized and unworked stones) without
using mortar (Fig. 3). Little attention has been paid
to visual appearance of the retaining walls, which
seem to be purely practical constructions. There
are no traces of repairs, rebuilding or enlargement
of the CATs, which may suggest relatively short pe-
riod of use. The CATs are often associated with set-
tlements and sometimes also with the rock art sites.
Presence of many broken grinding stones on the sur-
face of the agriculture terraces far from the settle-
ments may suggest middening. This characteristic
suggests community-managed agriculture without
the involvement of the social elites. The agriculture
was probably oriented towards subsistence econ-
omy without creating significant surplus. However,
scale of terracing and construction of agricultural

FIG. 3. Reattaining wall of a CATs in the Lomas de Lachay
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terraces in the steep ravines and valleys indicates
intensive agriculture with high social demand for
the cultivated land, which in turn suggests that either
the population was relatively high or the productivity
of the fields was low.

The CATs were constructed in the Lima phase,
when there were permanent settlements between
200 BC-500 AD. Appearance of the early Lima groups
in the Lomas de Lachay was probably associated
on the one hand with phase with increased frequen-
cy of El Nifio events alimenting local springs (Kalicki
et al. 2014) and the period of socio-political insta-
bility on the Central Coast. Probably more humid
conditions allowed for the soil formation. The total
terraced area in the Lomas de Lachay is 490 702.3 m?,
andindrainage basins varies between1-7% of the total
area. The CATs were constructed in the most biologi-
cally productive areas, replacing natural vegeta-
tion. It probably disproportionately affected park-like
and shrubby lomas. However, no traces of increased
erosion were found in the study area.

Probably, the CATs were abandoned ca. 500 AD
due to decrease in El Nifio frequency. Less frequent
El Niflo events decreased alimentation of the local
springs, which dried or at least stopped being ac-
tive during the dry season. Consequently, permanent
settlements had to be abandoned and CATs were
too far from the Lima group centers in the valleys
of perennial rivers to be cultivated after abandon-
ment of the lomas settlements. After abandonment
of the CATs natural vegetation reoccupied agricultur-
al terraces, but most of the structures are still clearly
visible on the surface.

CONCLUSIONS

During the Lima phase (200 BC-500/800 AD) special-
ized, intensive agriculture developed in the Lomas
de Lachay. It required construction of large-scale
infrastructure, which significantly modified natural
landscape and land-use. The main water source
was ground water alimented by the seasonal
fogs and El Nifo-related rains. Despite the scale
of the infrastructure and the fact that it was con-
structed in a relatively short time, the agriculture was
community-managed and oriented towards subsis-
tence economy of individual communities. The CATs
were |located in the most biologically productive ar-

eas, replacing natural vegetation, mostly park-like
and shrubby lomas.

Construction of the agricultural infrastructure
significantly modified natural landscape, creating
relatively large patches of “engineered” landscape.
Cultivating the fields affected also land-use replac-
ing important natural ecosystems. However, due
to character of the infrastructure and particular
characteristics of the local environment, construc-
tion of the CATs didn't trigger erosion. Due to stability
of the local geosystem, the remains of the CATs are
relatively well-preserved creating fascinating fossil
cultural landscape.
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ABSTRACT:

Waste is an integral part of the functioning of human society. However, the places where it is deposited are often different,
and especially in the Middle Ages, differences between waste disposal between urban and rural environments can be ob-
served. Based on micromorphology, the paper discusses the possible detection of kitchen waste and its informative value

in the context of castle archaeology.

Keywords: castle dark earth, micromorphology, Medieval, kitchen waste

The definition of kitchen waste itself is not a very com-
mon topic. Usually, it is vaguely defined by the pres-
ence of mainly pottery and bone fragments, yet it
is not taken into account how the waste manage-
ment of the living society transformed individual
waste materials, and how post-depositional pro-
cesses formed the final archaeological layers, ar-
chaeologists interpret as kitchen waste.

Food preparation, and thus kitchens, belong to ev-
eryday human activities across time and space, yet
on many occasions, archaeology has very limited
opportunity to study these activities (cf. Beranova
2005, Graff-Rodriguez-Alegria eds. 2012). Castle kitch-
ens on the other hand represent few instances when
archaeology can shed light into medieval cuisine,
as the whole operation around food preparation is tak-
ing place in specially selected area/building, which it-
self is delineated by the castle walls. This also indicates
the general area of waste management, together with
the daily life of castle inhabitants. And yet, this oppor-
tunity has not fully been utilized in the study of daily life
and waste management.

Castle kitchens were firstly archaeologically stud-
ied mainly from their architectural aspect with no
connection to the kitchen’s daily operation or kitchen
waste management. Czech archaeology has main-
ly presented only individual case-studies of castle
kitchens (Slavik, 2008). A complex analysis of kitchen-
ware, osteological material and spatial dispositions

is still lacking (cf. Durdik 2010, 47). The state of research
in the rest of the Europe is very similar to the Czech
situation (Schillito, et al. 2014, Banerjeq, 2019). Synthe-
ses are often focused on evaluating the castle site
itself, its construction and management changes
(e.g., Brown—Pluskowski 2013, Sikora et al. 2019). Only
minimally are these studies considering the recon-
struction of kitchen operations and waste manage-
ment and are usually focused on construction aspect
of the kitchen, or basic analysis of osteological mate-
rial (Fisher-Thomas 2012, Chantran 2018, Lallau 2019;
Simunkova—-Beljak Pazinova 2018).

Whereas the question of waste management
in archaeology has been complexly studied main-
ly in prehistoric archaeology (cf. Kuna et al.2012), or
in general view (most recently Sosna—Brunclikova ed.
2017), in medieval archaeology, the focus lies predom-
inantly on town cesspits (e.g., Capek et al. 2015; Tichy-
Lisd—Dohndlkovéa 2010, Orna-Dudkové 2016). Towns
pose a different way of waste management, as gar-
bage is discarded mainly in cesspits, as opposed
to managing waste from castles, where cesspits are
missing which indicates different waste manage-
ment, and most probably represents only moving
the garbage and waste in general around the cas-
tle allotment. Is there possible to track the different
“use/distribution” of the waste, i.e. its incorporation
into the archaeological record of castles stratigra-
phy? Is it possible to detect from formation processes
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of the sedimentary record the use of the space
and the composition of the primary kitchen waste?
How differ corridors in the castles from the other
"dumping?” parts? Is there possible to link the kitch-
en waste with the agricultural management inside
the walls of the castle?

One of the well-studied examples of medieval
castle which may serve as a case study for above
mentioned topics is the Rokstejn Castle in Vysocina
Region, Czech Republic. The castle itself is situated
in south-western part of the Bohemian-Moravian
Highlands on the Moravian side of the land bor-
der between the historical Kingdom of Bohemia
and the Margraviate of Moravia. The castle origins
relate to the final phase of colonization of the area
close to the land border during the late 13th century
where the Stfizovic family had established its fief-
dom, and soon dfter, they called themselves “de Ru-
thenstein” (Maza&kova 2012, 2017; in print). The Castle
Rokstejn stands almost alone in the region, even
though the closest castle is located in the town
of Brtnice (4 km), it is younger in its origins, and later
replaced Rokstejn as the seat of power. Yet, farther
castles are beyond 20 km radius, which only accen-
tuates the status of the Brtnice and Rokstejn castles
in the central Highlands. RokStejn Castle has been
archaeologically studied since 1981 and can be used
as evidence of fast, distinctive construction changes
inside the castle allotment, by using different build-
ing structures and efficient use of limited space given
by the bedrock. The existence of the castle dates from
the 1270s to the 1467, when it was destroyed in a mili-
tary action, and the fiefdom centre moved to Brtnice,
as mentioned before (M&finsky—Placek 1989, M&finsky
2007, Mazaékova 2017).

The identification of the kitchen waste starts al-
ready during the archaeological research, but
it is often limited to the macroscopical findings
of the pottery shreds and bone fragments. The ad-
ditional use of micromorphology combined with an-
other chemical and magnetic proxies can be very
helpful (Mocphoil, Goldberg, 2018, Nicosia, Stoops,
2017). The area of Rokstejn castle provided us dif-
ferent types of the space use, i.e. the different type
of the waste distribution/management. The macro-
scopical interpretation of the archaeological con-
text is crucial for this type of study. Therefore, there
were sampled situation corresponding for example
to the dump areas, open space corridors, house floors,
surroundings of oven areas as well as the horizons in-
terpreted as unknown origin. Up today 11 mammoth
sized thin sections is available for such study. The first
results show that there is possible to detect clear dif-
ferences between different type of living space within
the castle. There were detected floors with floor plas-
ters of noble houses with very limited appearance
of kitchen waste represented only by microchar-
coal, while floors of normal houses are represented
by the oriented matrix and the appearance of char-
coal, egg shells, bone fragments in quite limited

amount. The material above the floors interpreted
often as the destruction contain usually much more
organic waste than the floor itself. The appearance
of kitchen waste is quite common in open space cor-
ridors. The matrix of these sediments is often oriented
with low porosity and dusty clay coatings. The dump
areas around the ovens are often typical mainly
by the microcharcoal and the matrix is often granu-
lar with the high porosity. The most interesting part
of the study was the evaluation of the infill of the areq,
originally interpreted as a dump area. The reason
was, that the space was originally used as the ditch
prepared for further construction works at the cas-
tle, but plans were obviously changes and the area
stayed abandoned (Maza&kové, Lisd, 2016). Dark or-
ganic layers excavated in this area revealed, that
the sediments, or better to say, the archaeological
soils deposited/developed there contain high amount
of kitchen waste missed with the calcareous con-
struction material. The internal structure of the matrix
is granular with high bioturbation. These layers can
be interpreted more likely as the result of agricultural
management at the castle, i.e. anthropogenically de-
veloped soil.

Finally, it can be said, that the micromorphology
showed to be useful tool in kitchen waste research.
It was possible to see clear differences between
the living spaces originally divided according to mac-
roscopical observations. Moreover, the micromorpho-
logical study add additional information about detail
formation processes of these environments. It is possi-
ble clearly set, how much kitchen waste is incorporat-
ed in different types of the anthropogenic sediments
whatis its composition as well as what is the state of its
decomposition. It was possible to add new interpreta-
tion of the area of the castle originally interpreted only
as the dump area and also to suggest how important
the kitchen waste might play a role in the agricultural
background of the castle itself.
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ABSTRACT

The beginning of the Neolithic in Poland (around 5400 BC) is a migration from the south. Few Neolithic enclaves are sur-
rounded by a vast forests - the domain of the Mesolithic hunters, who survived subsequent colonization actions undergo
gradual neolithization only in the first half of 4" millennium BC. However, not everywhere. In the vast areas of the Russian
Plain, of which NE Poland is a part, the climate and the shorter growing season limited the possibility of a new lifestyle -
farmers. Until the beginning of the Bronze Age (3™/2" millennium BC), groups of hunter-gatherers dominated here. However,
that doesn't mean there haven't been any changes. In the middle of the 5" millennium BC, concurrently with the "invasion®
of the Neolithic, groups of hunter-gatherers begin to a transition - subneolithization. Continuing the old systems of economy,
settlement and flint industry, they begin to produce pottery — specific vessels with a sharp bottom. The popularization
of ceramics could be related to a change in diet, the spread of soups, that helped the survival of children. The subneolithic
process probably did not mean distant strait migration or physical cultural expansion, as it was in the neolithization. Rather,
it is the result of the gradual acculturation of different groups of hunters, which have never resulted in monolithics cultural
structures. Rather, subneolithized cultures share common sense with very high local variation. These groups were associ-

ated with the exploitation of specific, relatively stable microregions.

Keywords: Subneolithic, neolithization, hunter-gatherers, lifestyle

“In the south, our land is limited by the terrifying High
Mountains covered with dark forest. Others — mute-
ness, live behind those mountains. From time to time,
they send shady people to us, perhaps, they are inter-
ested in something on our land..” (Koztowski, Nowak
2019).

Is this how the beginning of the Neolithic looked
like from the perspective of the Mesolithic inhabit-
ants of the Vistula basin? Around 5400 BC, the vast
expanses of Atlantic forests inhabited by a small
number of hunter-gatherers became the coloniza-
tion arena. However, neolithization is limited in scope.
Farmers from the south, choose only the fertile ar-
eas of Lesser Poland, Silesia and Kujavia, which were
the most similar to the familiar areas of the Danube
south (fig. 1A: A). Few Neolithic enclaves are surround-
ed by a vast forests-the domain of Mesolithic hunters,
who survived subsequent colonization actions un-
dergo gradual neolithization only in the first half of IV
millennium BC (Fig. 1B: A) when agrarian Funnel Baker
Culture was formed in its final form.

The influx of settlers, cultural impulses and inspira-
tion from the Neolithic south was not the only alter-
native to development for local hunters. The success
of the new lifestyle was uncertain and dependent

on many, mainly environmental, conditions. The mild,
Atlantic climate of the Central European Lowlands fa-
voured the manufacturing economy and neolithiza-
tion much more than in the Northeast. In the vast
areas of the East European lowland, the harsher
continental climate and shorter growing season
limited the possibility of the success of the new life-
style (Kosko, Szmyt 2014). Despite various attempts
at agrarian colonization of these areas (Rybicka,
Wysocki 2002, Wawrusiewicz 2011), until the beginning
of the Bronze Age, i.e., around 2000 BC, they remained
the dominance of hunter-gatherer groups. This does
not mean, however, that there have been no changes.
In the middle of the 40" century BC, in parallel with
the Neolithic “invasion”, groups of hunter-gatherers
inhabiting the basin of the Narew River, Biebrza Riv-
er and Niemen River begin to undergo an alternate
change — subneolithization (Fig. 1A: B). This phenom-
enon has recently been strongly signalled (Jordan,
Zvelebil 2010). This phenomenon includes genetically
diverse groups of hunter-gatherers inhabiting vast
areas of the forest and forest-steppe zones of East-
ern Europe. Subneolitization’s main marker is the ap-
pearance of ceramic vessels, made differently from
those of the south. The idea of Subneolithic ceramics,
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FIG. 1. Cultural situation on the border of the Eastern
and Western Europ. A — period around 5000 BC: A - physi-
cogeographocal border of the West and East Europe (A);
Enclaves occupied by the Linear Band Pottery Culture com-
munities (B); settlement range of subneolithic cultures (C);
The Late Mesolithic cultural groups (D). B - period around
3500 BC: A - physicogeographocal border of the Western
and Eastern Europe (A); Enclaves occupied by the Funnel
Beaker Culture communities (B); settlement range of sub-
neolithic cultures (C) (after Koztowski, Nowak 2019 with au-
thor’s changes)

-/ M- B =C

however, can go back even to the 8" millennium BC
(Gronenborn 2010).

However, ceramics are not only an object. The pop-
ularization of ceramics could be related to a change
in diet, the spread of soups, that helped the survival
of children (Courel et al. 2020). As a consequence,
the change of diet had an impact on the demograph-
ic growth and stabilization of settlement. Although not
very different from the old one (Mesolithic), the new
way of life was certainly attractive to the inhabitants
of the borderland. Around the middle of the 4™ mil-
lennium BC, in parallel with the expansion of the TBC,
an increase in the settlements of Subneolithic groups
can be observed even in the basin of the middle Odra
and in Lesser Poland. The hunters, although equipped
with ceramics, still operate on the outskirts of the ag-
ricultural world. However, the areas of north-eastern
Poland remained their absolute dominion (Fig. 1B: B).

The Subneolithic lifestyle is evident in choos-
ing space and localization of settlements. The way

of life was determined primarily by the ecosystem
and previous customs. The borderland of East-
ern and Western Europe consists of three biomes.
In the south, it is an old-glacial landscape, where
the hunters’ life was based on river valleys. The sea-
sonal camps were most often located on isolated,
heights situated in river valleys (Fig. 2), especially
in the mouth of smaller rivers (Fig. 2: B). The Sand
formations - dunes were preferred (Kempisty,
Wieckowska 1983, Frqczek et al. 2016, Wawrusiewicz
et al. 2017). When that pattern was absent in river
lowland, the encampment was placed on the edg-
es of overwater routes (Fig. 2: C, E), although such
a location may result from the seasonality function
of the sites (Manasterski et al. 2021). As extraordinary
attractive were considered a bottleneck of a riv-
er basin, Fig. 2: D, as can be seen, is, for example,
in the vicinity of Ziotoria and the central Narew
River (Kittel et al. 2014). Examples of the land inte-
rior infiltration are limited to small camps located
at the sources of smaller watercourses (Fig. 2: G)
(Wawrusiewicz 2012). State of recognition suggests
that sub-neolithic hunters avoided stagnant water
reservoirs here - like lakes. In a different way, can
be seen in young glacial lake districts. Here, camps
were located at river estuaries or on islands near
the littoral obligatory bank (Fig. 2: H, 1) (Sulgostows-
ka, Kempisty 1991, Guminski 2004).

The Subneolithic process probably did not mean
distant strait migration or physical cultural expan-
sion, as it was in the neolithization. Rather, it is the re-
sult of the gradual acculturation of different groups
of hunters, which have never resulted in monolithic s

FIG. 2. Scheme of the location of the Subneolithic campsites
1 - rivers, lakes, 2 - river valleys, 3 — terraces and uplands,
4 - dunes, 5 — upland edges, 6 - site locations
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FIG. 3. Examples of subneolithic ceramics and flint products from sites located in the Narew and Bug basins: Bransk 22 (1),
Grady-Woniecko 1(2-6), Sosnia 1 (7-14), Lipsk 81 (15); (by A. Wawrusiewicz, H. Lepionka)

cultural structures. Rather, subneolithizated cultures
share common sense with very high local varia-
tion. These groups were associated with the exploi-
tation of specific, relatively stable microregions.
These attributes are reflected in the strong diversity
of documented ceramic artefacts, characterized
by significant regional and chronological variability
(Fig. 3). A permanent element, however, is the tools
and flint production, which replicates the previous
traditions, developing previous Mesolithic know-how
(cf. Wawrusiewicz et al. 2017, Koztowski, Nowak 2019)
(Fig. 3). The Subneolithic is an alternative to the clas-

sical, agrarian Neolithic lifestyle based on hunting,
gathering and fishing. Its genesis is related to the fair-
ly wide influence of cultural impulses from Eastern
Europe, creating a stable but extremely diverse com-
munity of hunters funded on the of local Mesolithic
groups. In the borderland areas of Eastern and West-
ern Europe, it survived unchanged until the begin-
ning of the Bronze Age. As for the model of life, it also
turned out to be more stable than the ,classical”
model of the Neolithic, which in its career underwent
numerous transformations, stages of development
and declines.
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ABSTRACT

The study area is located in the NE part of the Biebrza Basin (ice-marginal valley on the borderland between Central and East-
ern Europe in NE part of Poland) in Podlasie voivodeship. The region was an oecumene of hunting and gathering communi-
ties during the Neolithic period. Their lifestyle was inextricably linked to the vast valley area and connected to the climate
fluctuations. These communities were in constant motion and did not develop an established lifestyle. Results of the studies
at Lipsk, and other sites in the Biebrza Basin, indicate some periods of climatic changes and an increase of morphogenetic
processes activity. Presence of peats dated at 7050+60 BP (MKL-4798) cal. 6033-5789 BC on sandy sediments in profile 122
could be correlated with the older colluvial deposits at Lipowo site. In profile L20 on the Preboreal peats enters the Boreal or
Early Atlantic sandy sediments, which were covered by the Atlantic peats. The aeolian activity could have led to the appear-
ance of sands at the bottom of the 120 profile between 9880+100 BP (cal. 9803-9182 BC) and 7350110 BP (cal. 6425-6026 BC).

Keywords: Podlasie region, Biebrza Basin, Niemen culture, Subneolithic hunter-gatherer communities

INTRODUCTION

Relief of this region was formed during Middle Pol-
ish (Saalian) Glaciation — Warta Cold Stage. During
the next ice-sheet advance until the Pomeranian
phase of last glaciations, about 16.2 ka BP (Kozarski
1995) or 15.5-15.0 ka BP (Valchik 1992), outflow from
Naroch-Wilia and Skidel dam lakes and river waters
of the upper Neman river followed tosoéna River val-
ley, it's tributary Tatarka river breakthrough Pripilin-
Nurki gap section to Biebrza and Narew River valleys
(Val'chik 1992, Zurek 1994, Kalicki 2006). Therefore
the Biebrza is underfit river with vast peat-bogs on its
valley floor. However, in the close vicinity of the ar-
chaeological site, we can find traces of a now non-
existent watercourse, which could be connected with
LGM (Fig. 1) only in a short distance from Hacitéwka
to Biebrza.

AIM OF STUDY

The main aim of this work is to present the results
of geoarchaeological studies of the Lipsk area
and the reconstruction of selected components
of the environment from the time span of the Niemen
culture. The study includes the archaeological site
(on-site study) and surroundings (off-site study).

GENERAL OVERVIEW OF THE SITE

Nowadays the archaeological site is a well-ex-
posed dune-like elevation with an area of about
1 ha, in the central part of a large peat-bog. From
the south, it adjoins the modern Biebrza riverbed.
On the eastern side of the elevation, at a distance
of about 100 meters, there is an oxbow lake with
is the remnant of a now non-existent watercourse,
whose relic is the extensive (about 0.5 ha) old lake
partial covered by the floating mat (Fig. 2). In the de-
pression, there are peats and peaty silts with a thick-
ness of up to 6 meters in borehole L21 (Beben 2020).
In the archaeological trench (Fig. 2) excavated at this
site dominates flint material (over 90%) (Fig. 3).

RESULTS

Based on off-site studies it was possible to create
schematic geological cross-section for the surround-
ing area (Fig. 4) and more detailed for the archaeo-
logical site and part of the dune. Within the site and its
surroundings can be distinguished several geological
segments of different age. The first one is an eleva-
tion built of aeolian fine and medium sands. The sec-
ond one, located at the foot of the elevation, is a part
of the sandy alluvial plain of a braided river.
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Map Legend

1-Peat, 2 - Peaty, sandy muds and humus sands, 3 - Sands ond gravels of fiood terraces, 4 - Aeolian sands in dunes, 5 - Aeolion sands, 7 - Sands and muds
of lowest supra-inundation terrace, & - Sands and muds of middle supa-inundation terrace, 3 - Sands, gravels and muds of higher supra-inundation
terrace, 10 - Sands, gravels and muds of highest supra-inundation terrace, 11 - Gladlofluviel sands and gravels, 12 - Glaciolacustring sand, silts and elays,
13 - Sands, gravels and boulders of kames terraces, 14 - Sands and gravels of kames and dead-ice maraines, 15 - Sands and gravels of crevasse features,
16 - Sands, gravels, tills and boulders of end moraines, 17 - Sands, gravels, tills and bowiders of push maraines, 18 - Glacial sands and gravels, 19 - Tills,
locally with interbeds of gloclofluwvial sands and gravels or glociolocustrine clays and silts, 21 - Gloclolocustrine sands, silts and clays, 22 - GlaclofTuwial
sands and gravels, 25 - Sands, sits, grovels and tils of kames, 28 - Sonds, gravels, tills and boulders of end moraines, 29 - Sands, gravels, tils and bouwlders
of push moraines, 30 - Glacial sands, gravels and boulders, 31 - Tills, 32 - Last Glaciol Maximum (LGM), 33 - study area, 34 - Bedrock outcrop of glacial
rafts in Quaternary deposits and in glaciotectonic structures

FIG. 1. Part of geological map 1:250 000 (Marks, Karabanov 2011)

archaeolog

h

FIG. 2. Location of the geological boreholes and archaeological trench
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A beginning of peat accumulation in the val-
ley floor (L20 borehole) was radiocarbon dated at
9880100 BP (cal. 9803-9182 BC) (Fig. 4). In the next
stage occurred beginning of peat accumulation,
near an archaeological site at Lipsk, which was ra-
diocarbon dated at 7600+90 BP (cal. 6633-6254 BC)
in the bottom of L22 profile (Fig. 4). Around the same
time, 7350110 BP (cal. 6425-6026 BC), peats enter
on aeolian deposits in L20 profile (Fig. 4). After that,
7050+60 BP (cal. 6033-5789 BC), on the same kind
of sediments enters peats in profile L22 (Fig. 4). After
that event, at both profiles, starts the accumulation
of undisturbed peats.

Correlating these archaeological data with
the stratigraphic layers of the excavation pro-
file, it can be assumed that these materials could
be mixed by the slope processes, probably during
the Subatlantic. It caused the dislocation and mix-
ing of archaeological material associated probably
with the existence marks of encampments or set-
tlements located in higher parts of the dune. Be-
low this stratigraphic segment, homogeneous
archaeological material, related to the settlement
and economic activity of the Subneolithic hunter-
gatherer communities (Neman culture), was docu-
mented. Most of the artefacts discovered here have
been preserved in-situ, including a deposit of several
fragments of flint blocks and cores (Fig. 3).

At this level, fragments of ceramic vessels have
also been registered. One of them was dated

on 5987+60 BP (MKL-A5748) cal. 4996-4782 BC (Fig. 5).

This date correlates very well with the Lucyn archae-
ological site in Belarus The dating of artifacts from
another archaeological sites of Nieman culture from
Belarus contains a large margin of error (Fig. 5), what
makes it impossible to narrow down the chronol-
ogy of it. Older flint materials were found along with
the younger material. The presence of several prod-
ucts of the Late Palaeolithic origin is unclear. These
artefacts were found in the lowest strata of anthro-
pogenically transformed position. They may not be
as obvious proof of the old settlement. There are
many examples when the old flint artefacts/products
were transferred and used in much later times.

DISCUSSION AND CONCLUSIONS

Results of studies at Lipsk and other sites in the Biebr-
za Basin (Wawrusiewicz et al. 2017, Frgczek et al. 2018q,
b) indicates some periods of climatic changes
and an increase of morphogenetic processes activ-
ity. Presence of peats dated at 7050+60 BP (cal. 6033-
5789BC) on sandy sedimentsin profile L22, in the initial
stage of interpretation, was correlated with the old-
er colluvial deposits at Lipowo site deposited after
7020+70 BP (cal. 6016-5746 BC), which have been
covered with peat-bog during the next humid period
at the end of the Atlantic (Frqczek et al. 2018b). After
detailed analyzes, they should be connected with
the aeolian activity (Beben 2020). In profile L20 we are
dealing with different age sequence. On the Prebo-
real peats enters the Boreal or Early Atlantic sandy
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FIG. 3. Deposit of several fragments of flint blocks and cores
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FIG. 4. Geological cross-section of Lipsk site, lithology, grain size and Folk-Ward’s distribution parameters of selected profiles
(Frgczek et al. 2020); Lithology: A - fine sands, B — peaty silts, C - silty peats, D — peats; Fractions: 1 - coarse sand (-1 to 1¢),
2 - medium sand (1-2¢), 3 - fine sand (2-4¢), 4 - coarse and medium silt (4-6¢), 5 - fine silt (6-8¢), 6 — clay (above 8¢), 7 - or-
ganic content; Folk-Ward’s distribution parameters: Mz — mean diameter, 3, - standard deviation (sorting), Sk, - skewness,
K, — kurtosisThe archaeological trench was located on the south-eastern site of the dune at a distance of about 10 m from
the currently visible slope of the dune (Fig. 2, yellow box). This area was chosen because of the possibility of capturing well-
preserved stratigraphic systems that can be correlated with specific settlement phases in the palaeoenvironmental con-
text. During the archaeological research in the 2019 season, nearly 2000 artifacts were documented. Most of the Prehistoric
material discovered at this site was flint material. Fragments of ceramic vessels represent only 10% of this collection. The ar-
tefacts were in all explored layers. The first, few finds were recorded at a depth of about 0.2 m, in the bottom of the peat. Up
to a depth of about 0.5 m, these elements were clearly culturally incoherent. In the same stratigraphic system, flint products
characteristic for the Preboreal period (Kunda cultureg and the Atlantic period (Janistawice-Neman culture) coexisted. They
were also accompanied by fragments of ceramic vessels from different periods. The youngest of them should be dated at

the beginning of the Subatlantic (about 2500-2000 BP)

sediments, which were covered by the Atlantic peats.
Aeolian activity during this period was also confirmed
(Beben 2020). Around the same time, that kind of ac-
tivity took place near Grzedy site (Wawrusiewicz et
al. 2017). Within the non-fluvial segment of Wizna Ba-
sin, the dune complex is surrounded by peats whose
thickness reaches 2 m and the bottom was “C dated
at 10 13590 BP (cal. 10 143-9396 BC). The surface un-
der the peats was transformed by aeolian process-
es at the end of the last glaciation and the Younger
Dryas cooling resulted, in probably, that the com-
plex of parabolic dunes was still active at the end
of the Late Glacial and Early Holocene.After the Pre-
boreal warming started the accumulation of peats
but with short-time an increase of aeolian processes
activity at the beginning of the Atlantic — 8320+80 BP
(cal.7542-7141 BC) (Wawrusiewicz et al. 2017). These

phenomena could have led to the appearance
of sands at the bottom of the L20 profile between
9880+100 BP (cal. 9803-9182 BC) and 7350%110 BP
(cal. 8425-6026 BC). Due to results of detailed sedi-
mentological analyses, we can connect it with aeo-
lian activity (Fig. 4 — 120 and L22 profiles) (Beben
2020). Around the same time cut off macromeanders
at Rus site was “C dated at 9900+90 BP (cal. 9762-
9231 BC) and the beginning of peat accumulation
on calcareous gyttja at Wiochéwka site “*C dated at
10 290+120 BP (cal. 10 593-9664 BC) in the Wizna Basin
(Wawrusiewicz et al. 2017).

The elevated form located near Lipsk cer-
tainly belongs to one of the most interesting ar-
chaeological sites in the Biebrza Basin. Its size
and variety of documented settlement phases forces
discussion mainly about the role it played in the context
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FIG. 5. Comparison of dating from the archaeological sites of the Niemen culture; A - Lucyn site in Belarus, B — Lipsk site in Poland

of environmental conditions determining the lifestyle
of hunting and gathering communities. The techno-
logical and morphological characteristics correspond
to the general ,idea” of the Late-Mesolithic lithic tech-
nology of hunter-gatherer commmunities from the areas
of north-eastern Poland from the beginning and the first
half of the Atlantic (comp. Frgczek et al. 2018q, b).
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ABSTRACT

This paper presents the results of research into the context of human-environment interaction at the archaeological site at
Jatwieza Duza, which is representative of the entire sites network of Late Bronze Age/Early Iron Age. Two geological sections
across were made for this survey. One through the main depression of the microregion of the site in which the Brzozéwka

River flows, and the other in the left tributary of the Biebta River.

Keywords: Podlasie; JatwieZ Duza site; geoarcheology; Holocene; Bronze Age

INTRODUCTION

Theresearchregionislocated in NE Poland in Podlasie
Voivodship (Fig. 1). The functioning of the Late Bronze
Age and Early Iron Age structures in the northern Pod-
lasie region is a new issue, the knowledge of which
is the result of only of the last few years of research.
The breakthrough in archaeology brought about
by the spread of laser scanning imaging made it
possible to discover and inventory 27 such structures
located in the Biebrza and upper and middle Narew
River valleys (Fig. 1). All of them showed many simi-
larities from their spatial location to their form, type
of construction and dimensions (Zurek et al. 2020,
Wawrusiewicz et al. 2022).

This region dominated for ages by groups of com-
munities with a hunter-gatherer economy only at
the turn of the Subboreal and Subatlantic becomes an
oecumene of the Lusatian culture. It seems that this
community is the first a centre of coherent network
of sites, which can be associated with a stable settle-
ment network and intensive agricultural use of the en-
vironment (Zurek et al. 2020, Wawrusiewicz et al. 2022).

The network of these Prehistoric, Late Bronze Age
and Early Iron Age structures has relatively uni-
form location and structure. They are mainly locat-
ed in the basins of the two main rivers of the region
Biebrza and Narew. In terms of their construction,
they have a circular arrangement with two areas:
a protective area consisting of a system of ditches
and embankments and a central area consisting
of a flat central square (Zurek et al. 2020, Wawrusie-
wicz et al. 2022).

FIG. 1. Location of the research area and Jatwiez Duza site
(red circle) with the network of similar sites in Podlasie (GUGIK
data, DEM 100x100). 1 - Biatosuknia, 2 — Brzozowo, 3 — Czarto-
ria, 4 — Filipy, 5 — Nowodworce, 6 — Gugny, 7 — Horodnianka,
8 — Jatwiez Duzq, 9 — Jednaczewo, 10 — Klewianka, 11 — Ko§ciuki,
12 — Koty, 13 — Krasniany, 14 — tawsk, 15 — Miecze, 16 — Milew-
skie, 17 — Moniuszki, 18 — Motutka, 19 - Nowogréd, 20 - Pace,
21 - Pieficzykowo |, 22 — Pienczykowo I, 23 — Podosie, 24 — Ry-
dzewo-Pienigzek, 25 — Stawno, 26 - Zalesie, 27 — Wilamobéwka
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AIM OF STUDY AND METHODS

To determine the environmental context of function-
ing of the Jatwiez Duza site, a series of geological
boreholes was made across the bottom of the Br-
zozbwka and Biebta River valleys adjacent to the site
(Fig. 2).

Sedimentological analyses were made in the Geo-
morphological and Hydrological Laboratory of the De-
partment of Geomorphology and Geoarchaeology
in Jan Kochanowski University in Kielce. The used meth-
ods included grain size of mineral sediments with
the sieve method and laser method. The content of or-
ganic matter was determined by the loss on ignition
method. The obtained results are presented in graphi-
cal form in the GRANULOM program together with cal-
culated Folk-Ward's (1957) parameters. Standard “C
dating of organic material from the boreholes was
carried out in the Laboratory of Absolute Dating at
Skata (Walanus, Goslar 2009).

On the basis of results of these analyses the cross
sections of the Brzozéwka and Biebta River valleys
were determined. The mapping of the Archaeologi-
cal Map of Poland (AMP) data was carried out to de-
termine the potential settlement of both areas during
different periods.

RESULTS

The archaeological site is located on a sandur plain
elevated 117-123 m a.s.l. (Fig. 2). Southward of the site
the sandur plain is cut by a dry fluvial-denudational
valley, eastward it borders a vast (3-4 km wide), flood-
plain valley of Brzozéwka (a fourth-order river, left-
bank tributary of the Biebrza River), westward - a flat

moraine plateau (Banaszuk 2004, Koztowski 2005).
The main relief features are derived from the frontal
and areal deglaciation during the Cold Warta phase
(Falkowski 1970, Mojski 1972, Musiat 1992, Lindner, Marks
2012, Zurek, Kalicki 2021). There are evidenced by nu-
merous smaller forms of rift accumulation (crevasse
feature), e.g. sand and gravel kames and eskers
to the SW of the site.

The Pleistocene relief of the Brzozéwka depression
was transformed during the Late Glacial and Holo-
cene. Probably as a result of the capture, the direc-
tion of flow was reversed, and Brzozéwka River began
to flow northward into Biebrza River. Headward ero-
sion begun because Brzozéwka referred to the lower
erosion base of the Biebrza. At present, the river has
a meandering character and the glacial depression
of the Brzozéwka is fill with peat bogs (Fig. 2) (Koztowski
2005, Zurek, Kalicki 2021)

The Jatwiez Duza site is characterised by an oval
form of anthropogenic origin, which indicates its
permanent or temporary exploitation in the Prehis-
tory. This form is built by two distinct shape rings
separated by embankment and a central flat eleva-
tion with about 60 m diameter. Archaeological exca-
vations were made in the NW direction. It was 25 m
long and 2 m wide trench, which crossing the em-
bankment and both moats (Fig. 3). In the course
of excavations discovered 10 archaeological re-
source objects with 79 fragments of ceramics
and 83 flint tools.

In the Brzozbébwka River depression 23 geologi-
cal boreholes were drilled, which is directly adjacent
to the Prehistoric site (Fig. 2A, 4). Three segments
of different structure and origin we can distinguish
within the Brzozéwka depression (Fig. 4).

28

1 4
. [

8
im
Archaeological sites
from:

() Mesolithic

i) Neolit

@ The Bronze Age
@ The Iron Age
@ Middle Ages

PLEISTOCENE

Bl Moraine uplands

Bl Eskers

Bl Meltwater holes

Bl Kames

[ Cldest sandur plains

I Older sandur plains

Bl Younger sandur plains

Il Youngest sandur plains
Fluvio-denudation valleys

& __ Edges

HOLOCENE

[ Floadplain

== Alluvial riverbed

[_1 Erosion valleys

[ Dunes
Anthropogenic
embankments

= Geological section across

@ Jatwie Duza

FIG. 2. Geomorphological map with archaeological points of AMP (by M. Frgczek, T. Kalicki, modified)



Human-environment interactions in NE Poland during the Lusatian culture

45

FIG. 3. Jatwiez Duza archaeological site on digital elevation model (DEM)

Eight geological drillings were made in the Biebta
River valley (Fig. 2B, 5), which is a left-side tributary
of the Brzozéwka River. The asymmetric valley bottom
made up of gravels and sands is filled with a com-
pact peat cover. In borehole B3A we can distinguish
3 levels of organic deposits, which started to grow
from the Early Holocene to the Atlantic. Since 3 660 BP
onwards there is a decrease in organic matter con-
tent (Fig. 5). It is most likely related to the settlement
of the catchment area during this period. Decrease
in organic matter may be caused by deforestation
of the drainage basin and initiation of soil erosion
processes.

Data from the Archaeological Map of Poland
from the microregion of the Jatwiez Duza site (ra-
dius 5 km from the site) indicate that this area
was settled mainly in the Bronze Age. In this area
64 points of presence of Bronze Age communi-
ties were recorded, 1 from Mesolithic, 4 from Neo-
lithic, 9 from Iron Age and 1 from Medieval period
(Fig. 2).

CONCLUSIONS

This settlement has led to a precipitation of the nat-
ural environment from entropy and its transforma-
tion. The use of natural resources for the needs of this
community can be observed in the drainage basins
of the Brzozéwka River and its left-bank tributary Biebta
River. Intensive deforestation of the area caused
a decrease of organic matter content in peats, which
have been growing in both valley floors since the Pre-
boreal (9770-9180 BP). This change took place after
3660+50 BP (Biebta) and after 1870+60 BP (Brzozéwka).

Determining the function of the sites in this net-
work is extremely difficult. There are many indications
that we are dealing here rather with a type of site
of an economic nature, which concentrated the pop-
ulation of the Lusatian ash-field culture dispersed
in the microregion.

However, it is not possible to exclude other func-
tions it may have had such as an administrative, so-
cial and cultural centre.
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ABSTRACT

The results of GPR surveys made in historical cemeteries at Biatogéry, Gizycko and Soénia (NE Poland) confirm the usefulness
of this research method in preliminary recognition of these kinds of sites. In the case of cemeteries destroyed on the ground
surface, they enable quick initial recognition in terms of their extent and layout. It should be stated that this method is indis-
pensable as an introduction to the archaeological research of historical cemeteries.

Keywords: GPR surveys, historical cemeteries, north-eastern Poland, Biatogéry, Gizycko, Soénia

INTRODUCTION

Historical cemeteries are one of the most signifi-
cant elements of the national heritage. They form an
important part of the basis for the national, social
and community identity as well as for the memory
of societies and communities. But not all of them.
There are some kinds of historical cemeteries which
were or still are the neglected and unwanted heri-
tage. Such a situation appears as a result of political
or/and social changes, and also economic changes
resulting from previous causes. The 20* century his-
tory of Poland has brought several reasons for the ef-
facement of some kinds of historical cemeteries from
the polish cultural landscape.

Just after World War | and the regaining indepen-
dence by Poland process of destruction and blurring
of war cemeteries located nearly all over the coun-
try have started. These cemeteries, built by Germans
troops were regarded as alien relicts of the parti-
tioning states (Karczewska 2017). They were not part
of the founding myth of the reborn Polish state. This
myth did not take into account the contribution
of Great War (World War 1) to regaining indepen-
dence. But after 100 years, when the memory of Great
War was strengthened or restored all over Europe
also polish society and citizens has started to explore
the heritage of the Great War, including war ceme-
teries. Even earlier, since the 90ties of the 20 century,

polish monument protection services started to in-
clude war cemeteries from Great War as protected
monuments (Karczewska 2017). But at that time,
the ground level part of most of these cemeteries
was already more or less destroyed. So, their layout,
range of graves, kinds of tombstones, alley layout,
and other elements, in many cases were not possible
for the complete identification. For the identification
of many war cemeteries of the Great War non-inva-
sive and invasive archaeological methods are now
necessary.

To another kind of endangered historic cem-
eteries belongs cemeteries of communities which
were forced to leave their homes and lands during
and short after the World War Il (WW 1I). Many cem-
eteries of Evangelic and Old Believers belong to this
kind in the area of north-eastern Poland. In the year
1941, on the agreement between Nazis and Soviets
communities of Old Believers were resettled from
the territory of Suwatki and Sejny regions to the ter-
ritory of today’s Lithuania, then the part of the Soviet
Union (Jaroszewicz-Pierestawcew, Potaszenko 20086,
2008). At the end of WW II, most inhabitants of East
Prussia ran away from their homeland or were forced
to leave during the next few years (Sakson 1987,
Kacprzak 2010). Cemeteries of Old Believers left un-
attended by their communities in the next decades
were officially classified as non-agricultural green
areas. This made it possible to trade these cemeter-
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ies as land for recreation or for development. Evan-
gelical cemeteries were taken over by other religious
communities or were left without any care and dev-
astated.

A separate category of war cemeteries are cem-
eteries of German soldiers fallen during WW Il. Many
of them were placed just next to the Great War cem-
eteries. And even when the Great War cemetery was
preserved, the WW Il cemetery located next to it was
obliterated. As a result, their areas are currently used
in various ways, not as cemeteries.

All mentioned kinds of cemeteries belonged or
still belong to the neglected and unwanted catego-
ry. But according to Polish law, they meet the criteria
of the monument (historic Evangelical and Old Believ-
ers cemeteries) or the monument and war cemetery
(Great War cemeteries). The legal status of graves

FIG. 1. The location of cemeteries (GUGIK data); 1- Biatogory,
2 - Gizycko, 3 — Soénia

and cemeteries of German soldiers who died during
WW I, located on the territory of Poland, is regulated
by an agreement between the government of the Re-
public of Poland and the Federal Republic of Germa-
ny concluded in the year 2003 (Umowa... 2003).

The collaboration between the Department
of Geomorphology and Geoarchaeology of the Jan
Kochanowski University in Kielce and the NGO — Cen-
tre for Central and Eastern Europe Research, serve
the search and study of the aforementioned catego-
ries of historical cemeteries. The basic tool for these
activities is the GPR survey. These researches brought
the expected results - the location of cemeteries
and the recognition of their underground structures

- in all cases of the examined historical cemeteries.

METHODS

The GPR model used in all surveys during the research
was a Mala GeoScience ProEx System. It is a two-
channel radar with improved measurement parame-
ters. The set uses a shielded antenna with a frequency
of 5B00MHz, which is the best application for archae-
ological research (Karczewski 2007). The georadar
profiling was based on defined traverses forming
a dispersed grid in order to cross-check potentially
occurring anomalies. Each point of the traverse line
has GPS coordinates in order to set the GPR results
in geographical space.

RESULTS

Biatogéry, community Giby, Podlaskie Voivodeship,
the Old Believers historical cemetery (Fig. 1)

The GPR survey was conducted in the frame of an
archaeological investigation conducted in October
2020 as part of the preparation of an expert opinion
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FIG. 2. A — The DEM with hypsometry and marked cemetery space, the embankment, and the ditch; B — analytical hillshading
with marked cemetery space, the embankment, and the ditch (GUGIK data)



GPR surveys of historical cemeteries at Biatogory, Gizycko, Soénia in north-eastern Poland 5]

in the field of archaeology on the insult of the rest-
ing place of the deceased in the Biatogoéry village.
The expertise was commissioned by the Poviat Po-
lice Headquarters in the Sejny town. The earthworks
and construction work carried out here two months
earlier destroyed some of the graves and obliter-
ated the remaining graves on the ground. The em-
bankment and the ditch marking the western border
of the cemetery were also levelled at that time (Fig. 2).
The perpetrators claimed that there was no cemetery
and no graves there.

The purpose of GPR research was to confirm or
deny: (1) the existence of burial pits on the cemetery
hill and (2) the existence of relics of the ditch mark-
ing the western border of the cemetery. Echograms
were made along the north-south axis. The distance
between the individual measurement lines was 2 m.
This direction and distribution of measurement lines
resulted from the correct layout of historical Chris-
tion cemeteries of various confessions, with a row
arrangement of graves. The rows of graves were
oriented approximately along the north-south axis,
while the graves in individual rows were oriented
approximately along the east-west axis. The length
of the burial pits was usually about 2 m, the width
up to about 1 m, and the distance between the in-
dividual graves was about 40-50 cm. The arranged
at two-meter intervals of the measurement lines
guaranteed registration of burial pits on echograms
(Fig. 3).

The GPR survey brought registration of anoma-
lies corresponding to the shape and size of both
the burial pits and the destructed trench marking
the western border of the cemetery. The researchers
confirmed that the cemetery occupied the entire hill,
and the layout of the graves was in accordance with
the Christian funeral rite.

o Doucnamsrn U dsscras Batl_og PROCDATANEG 1 0001 &1 557 /ooy 26l / wemien &1

? Fiacer 55 sempler 811

ExfTihnt ] ol B

Gizycko, community Gizycko, Warmian-Masurian
Voivodeship, the German soldiers cemetery from WW
1 (Fig. 1)

The GPR survey was conducted in November 2018.
The aim of the research was to verify the hypothe-
sis that there are graves north and west of the Great
War cemetery (Fig. 4). According to information from
the inhabitants of the Gizycko town, these are graves
of German soldiers who died during WW Il in the hos-
pital in the Feste Boyen.

GPR surveys indicated the presence of a number
of anomalies occurring at various depths and with
varying legibility. 13 of these may be associated with
immovable objects — graves (profiles: G-H, I1-J, K-L).
They appear in research sections C-D, E-F, G-Hand I-J
(Fig. 5). They occur mainly below 1 m and are about
2 m wide and spaced about 1 m from each other.
5 of them have clear signal boundaries, the others
and 8 boundaries are poorly visible (Fig. 4).

The remaining anomalies should be interpreted
as geological or root related layering. Their layering
descending at an angle of approx. 60 degrees may
also indicate the occurrence of a pick — which was
reclaimed for a cemetery (?) (Fig. 4, 6).

So$nia, community Radzitdw, Podlaskie Voivode-
ship, the Great War cemetery (Fig. 7)

The GPR surveys of the Great War cemetery
in the Soénia village was a part of detailed inventory
of Great War cemeteries in the foreground of the Os-
owiec Fortress (Karczewscy 2015). They were conduct-
ed in August 2019. The cemetery in the Soénia village
is known from historical sources and information from
the villagers. The cemetery of the soldiers of the tsarist
army who died during the German gas attack on Au-
gust 6, 1915, consists of two mass graves. Both graves
were covered with earthen mounds with high wood-
en Russian crosses. The mounds and crosses have
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FIG. 3. Echograms with marked anomalies (A, B, C, D) corresponding to the shape and size of the burial pits (by S. Chwatek)
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FIG. 7. The monument at the site of the alleged location
of mass graves and the space covered by GPR research at
the first stage of works (photo M. Karczewska)

not survived. According to local tradition, both graves
were located at the base of the dune embankment.
This place was commemorated in the 1980s (Fig.7).

The result of GPR research in this area was nega-
tive. But the detailed archaeological superficial survey
of the surrounding area brought identification of anoth-
er location of this cemetery in close vicinity of the place
of commemoration. Relics of mounds of both mass
graves were identified on the top of the same dune
embankment. Both mounds were cut and partially de-
stroyed by a forest fire road (Fig. 8, 9).

The GPR survey covered the forest fire road
in the area of the location of relics of both mounds.
It showed the disturbances of sediments up
to the depth of ca 40 cm in the area of the larger
mound (Fig.10). The second stage of the identification
and recognition of both mass graves must be the ex-
cavation. They will ultimately confirm or negatively
verify the results of the GPR survey.

FIG. 8. The DEM of study area (GUGIK data); 1 - the alleged
location of mass grave, 2 — smaller mass grave?, 3 - larger
mass grave?

FIG. 9. Relics of the earth mound above the larger mass
grave (?), view from NE to SW (photo M. Karczewska)
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FIG.10. The echogram of the profile along the forest fire road in the area of the location of relics of both mounds, with visible

anomalies B, C, D (by S. Chwatek)

CONCLUSIONS

All the presented examples of GPR surveys in historical
cemeteries confirm the usefulness of this research meth-
od. In the case of cemeteries destroyed on the ground
surface, they enable quick initial recognition in terms
of their extent and layout. It should be stated that this
method is indispensable as an introduction to the ar-
chaeological research of historical cemeteries.
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ABSTRACT

The aim of the research is to determine the impact of the historical charcoal production in charcoal hearths on the current
pine forest vegetation in Poland. We present the preliminary results of interdisciplinary NCN-project The environmental im-
pacts of charcoal production in Northern Poland — a novel multiproxy approach (2018/31/B/ST10/02498).

Keywords: charcoal hearth remains, current floristic composition and structure, pine forest, Poland

INTRODUCTION

The burning of charcoal in the forests of Europe was
carried out on alarge scale from the late Middle Ages
to the end of the 19t century (Carrari et al. 2017, Hirsch
et al. 2017, Raab et al. 2019, Rutkiewicz et al. 2017). Wood
obtained from the immediate vicinity was burned
under controlled conditions in the so-called charcoal
hearths — piles of wood forming a dome, with a base
diameter of several meters, covered with clay, soil or
turf. The burning process lasted from several to sev-
eral dozen days, depending on the type of wood,
and resulted in significant changes in the physical
and chemical properties of soils due to the prevail-
ing high temperature (even up to 800°C). To this day,
a several centimetres layer of burnt organic matter
is visible in the soil under charcoal hearth remains
(CHR), generally to a depth of several dozen cen-
timetres. Underneath it, grains of sand are melted.
Moreover, the soil under the former hearths are char-
acterized by the high pH-value, as well as the loss
of organic forms of nitrogen and phosphorus to inor-
ganic forms (Witkomirski, Gutry, 2010). Such transfor-
mations of the soil environment influence the course
of vegetation succession. The aim of the research
is to determine the impact of the historical charcoal
production in charcoal hearths on the current pine
forest vegetation (Dicrano-Pinion) in Poland. We pres-
ent the preliminary results of the geobotanical part
of interdisciplinary NCN-project: The environmental

impacts of charcoal production in Northern Poland
- a novel multiproxy approach (2018/31/8/ST10/02498).

METHODS

Charcoal hearth remains have been recognized
from LIDAR images. The airborne laser scanning
data were obtained from the Central Office for Geo-
detic and Cartographic Documentation and worked
on shaded relief models using the ArcGIS and QGIS
software. Having coordinates of CHR, they could be
easily find in the field. Over 250 thousand of objects
have been identified in forests throughout the north-
ern and central parts of Poland (Fig. 1).

The field studies on current vegetation were carried
outin three areas in north-western Poland: (1) Wysoczyz-
na Polanowska — WP, (2) Pojezierze Wateckie and Réwni-
na Drawska — PW&RD, (3) Bory Tucholskie — BT in late
spring and summer 2021 (Fig. 1). We collected 29 phyto-
sociological relevés in accordance to the Braun-Blan-
quet methodology (1964) and measured diameter at
breast height (DBH) of trees at the plots located at CHR

— Fig. 2 — and at the corresponding reference plots (con-
trols, control plots). When selecting the research sites,
the following criteria were adopted:

- forest habitat type — fresh pine forest on rusty
and podzolic soils,

+ stand age no less than 70 years (the so-called ma-
turing and mature stands, according to the Polish
forestry standards),
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FIG. 1. Location of charcoal hearth remains in northern Po-
land recognized from LiDAR images. The crosses indicate
the study areas: 1 — Wysoczyzna Polanowska, 2 — Pojezierze
Wateckie and Réwnina Drawska, 3 — Bory Tucholskie

« location of the CHR not next to roads, trails or
the edge of the forest,

+ CHR diameter over 14 m (possibility to designate
a plot of 10x10 m in the centre to make a phytoso-
ciological relevé),

+ no extensive disturbances
of the vegetation cover,

« the reference plot of 10xI0 m located within
the same forest unit, at a distance equal to the di-
ameter of respective CHR.

The study sites were selected using cartograph-
ic data of Forest Data Bank (pol. Bank Danych o La-
sach) provided by the Bureau for Forest Management
and Geodesy. We also used its online mobile version
in the field to find and register visited CHR. Soil cores
from several places within the CHR were examined
for remains of charcoal which, if present, confirm that
the site actually is CHR. The same procedure was ap-
plied to confirm that a control plot is not CHR.

The statistical analysis was made using PAST 4.08.

The presented geobotanical study was accompa-
nied by pedological, microbiological, chemical, pal-
aeobotanical and dendrochronological studies.

in the continuity

RESULTS

We examined 29 sites (CHR + control plot) — 14 in WP,
5 in PW&RD and 10 in BT. In total, 35 species of vas-
cular plants and 12 species of mosses were record-
ed. There are several species that were found only
in one type of plot, but in fact there is only one signifi-
cant difference in species occurrence between CHR
and controls — Vaccinium vitis-idaea is more com-
mon in the control plots (Table 1).

The age of the studied forest stands ranged from
70 to 136 years and the dominating species in the high-

FIG. 2. Current vegetation on the CHR in the pine forest near
Ptociczno (Drawsko Plain) (Photo. E. Kotaczkowska)

TABLE 1. Species occurrences at CHR versus control plots
(N=29). The listed species are those with close to significant
difference (p-value for Fisher's exact test <0.2) in occur-
rences between CHR and control plots

Species name Ve?g;z:ion Control |CHR | p
Species more common at control plots:
Vaccinium vitis-idaea Cc 29 24 | 0.05
Dicranum polysetum D 27 22 | 014
Sphagnum sp. D 5 1 0.19
Species more common at CHR:

Betula pendula B 0 4 0.1
Juniperus communis B 3 8 0.18

est tree layer (A1) was Pinus sylvestris and it was occa-
sionally accompanied by Betula pendula. In the lower
tree layers (A2, A3) occurred Betula pendula and Picea
abies. There is no significant difference in DBH means
between CHR and control plots (CHR mean 32.88 cm,
N=101, control mean 33.48 cm, N=116; t-test p=0.53). How-
ever, when only the oldest stands (>100 years) are taken
into account, the difference in DBH means becomes
significant (CHR mean 42.21 cm, N=17, control mean
35.56 cm, N=32; t-test p=0.005). In the stands older than
100 years, the average DBH of trees at the CHR is 15%
higher than in the control plots. However, in the control
plots, there are almost twice as many trees.

The comparison of species occurrences between
the CHR and their control plots having the tree stand
older than 100 years (N=8) showed no significant
differences. This may be due to low number of sites
and the case requires closer examination.

CONCLUSIONS

1. Vaccinium vitis-idaea, more frequent in the con-
trol plots, seems to have some disadvantages
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on CHR. Eriksson and Lundin (2021) suggest that
this acidophilous species is disfavoured by the de-
struction of the raw humus layer associated with
burning.

2. Higher DBH of trees at the CHR (especially
in the oldest stands) may be associated with
a higher nutrient concentrations in CHR soil com-
pared to the control one (Mastolonardo et al,
2019). In turn, the lower number of trees at CHR
plots may be evidence of unfavourable con-
ditions for forest regeneration, e.g. lower plant
water availability (Carrari et al. 2018, Buras et al.
2020).

3. Vegetation studies of CHR should be carried
out in old-growth forests. The older the stand,
the more likely it was that the trees currently grow-
ing were also alive when the soil was heavily af-
fected by burning. It is also important to find out
the age of charcoal hearth remains.

4. The most useful indicator species (which habitat
was the most altered by the charcoal hearths) are
those of long life span, e.g. trees.
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ABSTRACT

The recorded development stages of the research section reflect a very large impact of the functioning and destabiliza-
tion of the natural and anthropogenic small-scale water retention system on the evolution of the valley of the Ill. order river.

Documentation of this impact is one of the few and the most detailed known from Poland.
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INTRODUCTION

The study area is located in the Czarna Konecka valley
between Stgporkéw and Sielpia Wielka in the Konhskie
district (Swietokrzyskie voivodship) (Fig. 1). This water-
course is a small upland river of lll. order in the inter-
river basin of the Vistula and Pilicarivers, with a length
of approx. 90 km and a catchment area of approx.
1000 km?2. It drains the NW Mesozoic margin of the Holy
Cross Mts. in the Kielce and Przedbérz Uplands. There
are non-karst (Triassic and Jurassic sandstones)
and tectonically inactive area. Czarna Konecka flows
within the Old-Polish Industrial District (OPID), where,
since the Late Middle Ages, iron metallurgy based
on the hydropower of rivers developed.

AIM AND METHODS

The main aim of the research was to determine
the main stages of the evolution of the valley of asmall
upland river and their natural and anthropogenic
conditions. The study uses a wide range of interdisci-
plinary methods — geomorphologic, sedimentologic,
paleogeographic, cartographic, historical, TL, OSL, “C
datings etc.

RESULTS, DISCUSSION AND CONCLUSIONS
Based on the results of interdisciplinary research,

the main stages of the upland small valley evolu-
tion, beyond the Paleozoic core of the Holy Cross Mts.
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FIG. 1. Location of study area (red line) on Digital Elevation
Model of the Old-Polish Industrial District area (Fularczyk et.
al. 2020, changed)

and within the OPID range, were identified. The influ-
ence of natural and anthropogenic factors on the Late
Vistulian and Holocene transformation of the fluvial
environment was indicated. The main factors were
climatic changes, human activity and local con-
ditions but the role of these factors in the evolution
of the valley has changed.

In the Late Vistulian, the changes in the flu-
vial environment were a consequence of climatic
and vegetation fluctuations, referring to the stadial-
interstadial cycle. A very early river pattern trans-
formation (one of the two oldest in Poland) from
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FIG. 2. Study section upstream (A) and downstream (B) of Janéw dam on DEM (I) and changes of river course and ASWRS
(1) in the last centuries based on cartographic sources (by K. Fularczyk, P. Kusztal); Maps: A — West Gallizien, B — Topographic
Chart of the Kingdom of Poland, C - Karte des Westlichen Russlands, D - Tactical Map of Poland; E - topographic map,

F — orthophotomap
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FIG. 3. Changes of river pattern and parameters (I) and riverbed level (II) since Young Pleniglacial; I: B — braided river with
wide (B1) and narrow (B2) alluvial plain, M-R — meandering-braided (transitional) river, M — meandering river (Ml - macro-
meanders, M2 — medium meanders, M3 - small meanders, M4 — meanders after the degradation of ASWRS), A — anasto-
mosing river (Aa — anthropogenic anastomoses during the functioning of the ASWRS); II: A — oxbow lake fill bottom (riverbed
level), B - hypothetical riverbed level, C - riverbed level interpreted from lag deposits level, D - top the alluvial plain deposits,
E — lag deposits, F — top of the point bar deposits, G — the present-day average water level in riverbed, H — study sites

the braided to meandering system, as well as the re-
lated incision, could have been caused by warm-

ing (epe=Kamion phase) and local conditions

They are consistent with the Falkowski's (1970, 1975)

model of the pattern changes (braided riverbeds
— macromeanders) with modifications concerning

the Younger Dryas aggradation by braiding system
(Kalicki 1991).

Warming and afforestation in the Holocene be-
ginning caused again the concentration of riverbed
and incision. Small meanders were typical of almost
the whole Holocene. Natural anastomoses function-
ing in the Czarna Nida River valley during the Eoholo-
cene and Roman period (Krupa 2013, 2015) in Czarna
Konecka valley did not occur. Climatic fluctuation

in changes of small fluvial systems in fully forested

drainage basin played a secondary role, while lo-
cal conditions, including beaver activity, became
the leading factor. The natural small water retention
system (NSWRS) created by these animals (dams,
ponds etc.) conditioned the existence of local ero-

The anthropopression growing since the Roman
period led to deforestation, beginning of soil ero-
sion and accumulation small alluvial fans at the foot
of the terrace. There were also gradual depopula-
tion of beavers and the degradation of the NSWRS
they created. Therefore, in this short period, climate
fluctuations recorded by changes in the fluvial ac-
tivity are legible. In the last millennium, the devel-
opment and decline of the OPID played a decisive
role in the valley evolution. Indirect (deforestation
of the catchment) and direct human influence
on water circuit and riverbed, the construction of an
anthropogenic small water retention system (AS-
WRS) (cascade of ponds, anthropogenic anasto-
moses etc.), conditioning the existence of artificial
erosion bases, was conducive to intensive aggra-
dation. The expansion and development of the hy-
drotechnical infrastructure from the 17t to the 19t
century (an increase in its retention capacity) led

sion bases and regulated the discharges and out-
flow. Therefore, traces of the pre-Subatlantic increase
of Czarna Konecka fluvial activity are only the result
of extreme floods caused by meteorological events

that could have occurred at any time and were not
caused by the climatic trend.

to a reduction in the role of extreme events during
the Maunder’s and Dalton’s pesimum of the Little Ice
Age. The progressive destabilization and finally dis-
appearance of the ASWRS in the 20t c. (terrastral-

ization and overgrowing of ponds, dam breaking)
in the section B contributed to the occurrence of cat-

astrophic events (flash floods) of a scale unknown
from the earlier Holocene periods and rejuvenation
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FIG. 4. Main stages and factors caused the Late Vistulian and Holocene valley evolution

(confined meanders) in the last decades of the 20t
c. (Anthropocene). Such events and processes are
not observed in section A upstream of Janow, where
ASWRS with pond cascades is almost completely
preserved until today. Pattern of Czarna Konecka
in last centuries is inconsistent with Falkowski’'s mod-
el because multi-channel system of anthropogenic
anastomosis functioned instead of the braided sys-
tem, and after the disappearance of the ASWRS con-
fined meanders.
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ABSTRACT

The case study of the hydrographic confluence in the Sielpia based on the cartographic method allowed to capture chang-
es in the hydrographic network related to the development and decline of the Old-Polish Industrial District (OPID), which
was based on the use of hydropower in iron metallurgy. The formation and disappearance of artificial industrial reservoirs
and canals, and also changes of the rivers course, were reflected in cartographic materials.

Keywords: river network changes, hydrographic confluence, Old-Polish Industrial District

INTRODUCTION

The study area is located in the Polish Uplands (So-
lon iin. 2018), in the Holy Cross Mts. region, in the Vis-
tula River basin (Majewski 2013). The hydrographic
confluence in Sielpia is located within the Old-Polish
Industrial District (OPID) where iron ores were ex-
tracted and processed on a large scale in the last
centuries (Nowak, Nowak 2022). The hydropower
of rivers was then used for metallurgy. The hydro-
graphic confluence in Sielpia is located at the junc-
tion of two riverbeds (Czarna Konecka and Czarna
Taraska rivers), draining the NW margin of the Holy
Cross Mts. (Fig.1).

AIM AND METHODS

The aim of this study is to determine the impact
of the development and decline of OPID on the trans-
formation of the hydrographic confluence at Sielpia
in recent centuries. Were used, historical and carto-
graphic materials from 19*, 20" and 21" century.

RESULTS

Cartographic materials show changes of the river net-
work from the beginning of the 19™ c. to the present time
(Fig. 2). At the beginning of the 19t ¢, the Sielpia water
reservoir did not exist. In the Ist half of the 19t c., two wa-
ter body were created, the northern and the southern,
and riverbeds were regulated. The channel of the Czar-
na Taraska River was moved to the east, and its for-
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FIG. 1. Location of the study area on the Digital Elevaton
Model (DEM) of Old-Polish Industrial District (Fularczyk et al.
2022)

mer channel was activated after the construction
of the southern water body in 1837. In the 20* ¢, during
the interwar period, the western Czarna Taraska chan-
nel was cut off and the southern water body was silted.
In 1938, a flood destroyed the dam, and the muilti-
channel system was formed in the pond basin.

In 1962, the water reservoir was rebuilt, but al-
ready in the 1980s it was silted again. At the begin-
ning of the 2I*t c,, the pond silting effects were visible,
because there was a large inland delta at the mouth
of the Czarna Konecka River. Around 2010, the inland
delta was removed, but in the last years the pond was
silted again. After 1962, the accumulation of deltas
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deposits was mainly due to floods, and some of these
floods were caused by dam ruptures.

The silting rate of the Sielpia reservoir probably in-
creased in the 1990s. In 2003 its entire eastern part
was filled with an extensive inland delta. In the fol-
lowing years, this delta must have been dredged out,
because in 2010 it occupies an incomparably smaller
area. In the last decade the reservoir has been silted
once again, although the size of the delta is much
smaller than in 2003. As of 2018, sediment dredg-
ing and reservoir revitalization efforts have resumed
(Fig. 2).

In the present-day, both rivers have a single-
channel system. The meanders of the Czarna Konec-
ka River do not show significant changes in the last
thirty years, while the estuary section of the Czar-
na Taraska river has become more sinusoidal, due
to natural fluvial processes leading to the transfor-
mation of a straight artificial canal into a natural me-
andering channel (Fularczyk at al. 2020b).

CONCLUSIONS

In the last two centuries, a transformation of the hy-
drographic confluence in Sielpia took place, which
was associated with the development and decline
of OPID and later milling (appearance and disap-
pearance ASWRS). This transformation rested on reg-
ulation and channelization of watercourse sections,
construction and disappearance of water bodies, or
also changes in river patterns. Similar environmen-
tal changes have been reported also in other areas
of the OPID (Kalicki at al. 2019, 2020, Fularczyk at al.
20200, b). Some changes in the river network noted
in the study area (e.g. channels straightening) are
typical for highly human-transformed valleys, lo-
cated in various parts of the World, especially in Eu-
rope (Lestel at al. 2020). The anthropogenic impact
on hydrographic confluences in such valleys can be
very large (Martinson 2010, Plit 2016, Biesaga, Kalicki
2021).

REFERENCES

Biesaga P, Kalicki T., 2021, Estuary Nida River — carto-
graphic and geomorphological changes - first re-
sults, Acta Geobalcanica, vol. 7, no. 1, 35-40.

Fularczyk K., Kusztal P, Kalicki T, 2020a, Changes
of the former pond at Furmanéw (Old-Polish Indus-
trial District, central Poland), Cartographic and sedi-

mentological data, Acta Geobalcanica, vol. 6, no. 4,
203-210.

Fularczyk K., Kusztal P, Kalicki T., Zurek K, 2020b, Historycz-
ne i wspétczesne zmiany koryta Czarnej Taraski (Wy-
zyna Matopolska, Staropolski Okreg Przemystowy),
Naturalne i antropogeniczne zmiany obiegu wody,
Wspobtczesne problemy i kierunki badan, Bogucki
Wydawnictwo Naukowe (Studia i Prace z Geografii,
no. 83), Poland, 9-23.

Fularczyk K., Kalicki T., Kusztal P, 2022, Changes of the hy-
drographic confluence in Sielpia from the beginning
of the 19% century (Old Polish Industrial District), Acta
Geobalcanica 8-4,123-128.

Kalicki T., Frgczek M., Przepibéra P, Kusztal P, Ktusakiewicz
E. & Malega E, 2019, Late Quaternary geomorphology
and geoarchaeology in the rivers of the Holy Cross
Mountains region, central Europe, Quaternary Re-
search, vol. 91, no. 2, 584-599.

Kalicki T, Przepiéra P, Kusztal P, Chrabgszcz M., Fular-
czyk K., Ktusakiewicz E., Frgczek M., 2020, Historical
and present-day human impact on fluvial systems
in the Old-Polish Industrial District (Poland), Geomor-
phology, vol. 357 (107062), FLAG Special Issue, 1-16.

Lestel L., Eschbach D., Meybeck M., Gob F. 2020, The Evo-
lution of the Seine Basin Water Bodies Through His-
torical Maps, The Seine River Basin, The Handbook
of Environmental Chemistry, vol. 90, 1-29.

Majewski W., 2013, General characteristics of the Vistula
and its basin, Acta Energetica, vol. 2, no. 15, 6-15.

Martinson J., 2010, Change in the course of the river Ko-
madugu Yobe during the 20 century at the Border
between Niger and Nigeria, Master Thesis, Lund Uni-
versity, United Kingdom, 57.

Nowak S., Nowak A. Z., 2020, Aimanach éwietokrzyski, Wy-
dawnictwo Naukowe Wydziatu Zarzqgdzania Uniwer-
sytetu Warszawskiego, Poland, vol. 5,1-294.

Plit J., 2016, Krajobrazy kulturowe Polski i ich przemiany,
Instytut Geografii i Przestrzennego Zagospodarowa-
nia im. Stanistawa Leszczyckiego PAN, Prace Geogra-
ficzne, no. 253, Warszawa, Poland.

Solon J., Borzyszkowski J., Bidtasik M., Richling A., Badora
K., Balon J., Brzezihska-Wdjcik T., Chabudzinski t., Do-
browolski R., Grzegorczyk I, Jodtowski M., Kistowski
M., Kot R., Krqz P, Lechnio J., Macias A., Majchrowska
A., Malinowska E., Migon P, Myga-Pigtek U., Nita J.,
Papinska E., Rodzik J., Strzyz M., Terpitowski S., Ziaja W,
2018, Physico-geographical mesoregions of Poland:
Verification and adjustment of boundaries on the ba-
sis of contemporary spatial data, Geographia Polon-
ica, vol. 91, no. 2, 143-170.






THE ENVIRONMENT As AN ARCHIVE OF PasT HumaN AcTiviTies (ep. T. Katicki) /

GEOARCHAEOLOGY OF OLD—POLISH INDUSTRIAL DISTRICT

THE HISTORICAL METALLURGICAL ACTIVITY RECORDED IN ALLUVIUM
OF SMALL RIVER VALLEY: CASE STUDY FROM KAMIONKA RIVER

(HOLY CROSS MTS., CENTRAL POLAND)

Pawet Przepiora', Tomasz Kalicki', Geoffrey Houbrechts?

'Jan Kochanowski University in Kielce, Institute of Geography and Environmental Sciences,
Department of Geomorphology and Geoarchaeology, Poland,
pawelprzepioral988@gmail.com, tomaszkalicki@ymail.com
2University of Liége, Unit of Physical Geography and the Quaternary Period (UGPQ), Belgium,
G.Houbrechts@ulg.ac.be

ABSTRACT

The high impact of metallurgical activity was detected in the Kamionka River valley (Central Poland) using i.e., Magnetic
Spherule Separation (MSS) method. Many slags were detected in the floodplain sediments near Jedréw site, which are
traces of the nearby historical forge activity. The iron spherules were detected in the overbank sediments forming a distinct
postindustrial layer. These results also enable the verification of historical data of the metallurgical activity in the last cen-
turies, as well high accretion of the overbank alluvium in the floodplain.

Keywords: hammerscales, macro- and microslags, historical metallurgy, sedimentation, Kamionka River

INTRODUCTION

In many places all over Europe, there are many rem-
nants of historical metallurgical activity. In these ar-
eas the industry depended on the abundance of local
natural resources such as iron ore, forest and water-
power. The Medieval and modern forges was the most
common metallurgical plants located on many small
watercourses i.e., in Old-Polish Industrial District (Rad-
wan 1963). Later, technological progress led to shut
down the outdated metallurgical plants and build
water mills on their places. In some areas the industri-
al infrastructure become abandoned and completely
destroyed. Therefore, the detailed location of these
plants is unknown today. Renaturalization processes
also blurred all traces of the historical industrial activ-
ity only leaving some markers in alluvium. This kind
of metallurgical remnants can be found in Kamionka
River (Holy Cross Mts., Central Poland) (Fig. 1) flood-
plain sediments and they can be used for detailed
sedimentological and geoarchaeological analyzes.

METHODS

The aim of the study was to identify the impact
of historical metallurgical activity on a sedimentation
change recorded in alluvium of the Old-Polish Indus-
trial District small river valley (Kcmionkq River, Central
Poland).

The Magnetic Spherule Separation (MSS) method
(Richeedeau, 1977, Houbrechts et al. 2004, 2020, Prz-
epidra et al. 2019, Kalicki et al. 2020, 2021b) was used
to separate of microscopic remnants of the metallur-
gical activity from the floodplain alluvia of Kamionka
River near Jedrow water mill (Fig. 1). Also, macroscopic
slag fragments were separated from the sediments
and counted manually. Sections across the floodplain
show lithology and grain-size of alluvia and concen-
tration of macro- and mircoslags (with iron spher-
ules) in sediments.

RESULTS

The MSS method enables the detection of 200-
63 pm particles (hemmerscales)(Dungworth, Wil-
kes, 2007) in Kamionka River floodplain downstream
of the Jedréw water mill. Small iron spherules can
be transported by the aeolian processes and accu-
mulated up to 10 km from their source. In study area
a fluvial process led to a further redeposition of these
elements on the floodplain creating clear accumu-
lation levels. Earlier, OSL and “C dating of a similar
postindustrial layer at this site may indicate a high
accretion of these sediments and their later rede-
position during last few hundred years (Przepiéra
2021). Many slag fragments covered by overbank fa-
cies were also discovered. The slags forming a clear
layer in floodplain alluvium, most likely created dur-
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FIG.1. Study area location on Digital Elevation Model (DEM) of the Swietokrzyskie Voivodeship in Poland and Jedréw site in Ka-
mionka River valley (by M. Frgczek based on CODGIK data; MGGP Aero agreement No. GI-FOT0.703.44.2014)

ing the nearby forge activity (Fig. 2). Most of this re-
main type was found on the nearby elevation, which
is most likely a postindustrial mound of the former
forge. Where no traces of slag have been detected,
there is a high concentration of microscopic iron
spherules, which are another remnant of the forge
activity. They form a clear postindustrial layer, analo-
gous to those detected in Wallonia (i.e., Houbrechts
et al. 2020) or other river valleys in the Holy Cross Mts.
region, e.g., Czarna Konecka (Przepiéra et al. 2021) or
Swislina (Kalicki et al. 2021a). These layers are prob-
ably formed during the modern forge’s activity or
shortly after its shutdown as a result of fluvial rede-
position. Postindustrial layers are sometimes well
readable in sediments, and they also contain numer-
ous charcoals, the age of which confirms the period
of metallurgical activity of the study site from last
few hundred years, especially confirming the activ-
ity of the 19* c. nearby forge (Kalicki et al. 2021b, Prz-
epi6ra 2021).

CONCLUSIONS

Many slags were detected in the floodplain sedi-
ments of the Kamionka River near Jedréw site, which
are traces of the activity of a nearby historical forge.
The iron spherules were also detected in the overbank
sediments. They form a distinct postindustrial layer,

probably created during the forge activity, or shortly
after it was extinguished. These results also enable
the verification of historical data on the metallurgi-
cal activity in the last centuries in the Kamionka valley,
as well show high accretion of the of overbank allu-
vium in the floodplain.
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FIG. 2. A section across A-B-C the Jedréw site (Kamionka River). Lithology (I): 1 — sands with gravels, 2 - sands with single
gravels, 3 — silty sands with gravels, 4 — medium sands, 5 - silty sands, 6 — sandy silts, 7 — clayey peats, 8 - embankments;
Slag concentration in % ():9 - no slags, 10 - 1-5,11 - 6-10, 12 -11-15, 13 - 16-20, 14 — 21-25, 15 — 26-30, 16 — >30; Number of mag-
netic spherules/1 gram of material (Il1): 17 - 0,18 — 1-5,19 — 6-10, 20 - 11-15, 21 - 16-20, 22 — >20, 23 — macroscopic slag deposits

without spherules
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ABSTRACT

The aim of this paper is to show how Relict Charcoal Hearths (RCHs) are used as an archive of past human activity. This phe-
nomenon was presented on the basis of studies carried out for selected areas of two river basins in Poland, Czarna Konecka
River basin and Mata Panew River basin. Detailed studies were carried out for two sites from the Mata Panew River basin
and Czarna Konecka River basin. First goal of this study was to identify the RCHs (digital and field analysis) and to determine
their morphological features and investigate their internal structure. Second goal was to determine the age of the stud-
ied forms (radiocarbon dating) and thus to determine the time of charcoal production. Another goal was to determine
which tree species were used to produce charcoal (palaeobotanical analysis). First stage of work was digital identifica-
tion of RCHs based on shaded relief models: 166 356 in Mata Panew basin (902 km?) and 37 733 in Czarna Konecka basin
(633 km?). Next identification of selected RCHs during field studies was carried out. Selected RCHs in the study areas ranged
from 9 to 15 metres in diameter. The centres of RCHs are composed of elevated mounds 0.2-0.5 m in height. Around the cen-
tral mound of each RCH, the remnants of shallow hollows are present. The results of the palaeobotanical analysis allowed
to establish that Scots pine wood was used to burn charcoal in the studied locations. The radiocarbon dates obtained for
the RCHs analysed are likely to fall on the period of prosperity (17"-19t c.) of metallurgical activity. However, in some cases
radiocarbon dates from RCHs can serve as indications that the charcoal burning and metallurgical activity could have

been started earlier.

Keywords: Relict Charcoal Hearths (RCHs), human pressure, historical metallurgy

INTRODUCTION

Since the Middle Ages in Europe charcoal burnt in piles
of wood placed on the ground, i.e. charcoal hearths,
was the basic fuel in industrial (mainly metallurgical)
human activity (Résler et al. 2012). Charcoal was burnt
on charcoal hearths until the widespread use of hard
coal in industry, i.e. until the 19th century (Hirsch et al.
2020). A charcoal hearth is understood as compact,
most often round piles of wood, often made of straight
and relatively thin logs, branches and sometimes split
trunks. The construction was covered with turf, with
the air supply controlled through holes in the hearth
(Groenewoudt 2007). The wood for charcoal burning
was obtained from trees growing in the river valleys
next to the smelters and adjacent areas. The land-
forms leftover charcoal burning are almost invisible
in the field and have survived today where drainage,
forestry or agricultural treatments are not carried out.
The aim of this paper is to show how Relict Charcoal
Hearths (RCHs) are used as an archives of past human
activity. This phenomenon was presented on the ba-
sis of studies carried out for selected locations from
the Czarna Konecka River basin and Mata Panew River

basin (southern and central Poland). In previous stud-
ies (Rutkiewicz et al. 2019) on the basis of the schaded
relief models, 37 733 RCHs have been idnetified in an
area of 663 km? along the Czarna Konecka River. Along
the Mata Panew River we have identified 166 356 RCHs
in an area of 902 km?2. This provides a great oppor-
tunity to test new other RCHs and gain more data
and knowledge about charcoal burning and metal-
lurgical activity in selected river basins. Detailed stud-
ies were carried out for two new sites from the Mata
Panew River basin and Czarna Konecka River basin.
New results of field investigations, radiocarbon dating
and anthracological analysis for the newly selected
RCHs are presented in addition to previously pub-
lished results from the Czarna Konecka and Mata Pan-
ew basin areas (Rutkiewicz et al. 2019, Rutkiewicz, Malik
2019). First goal of this study was to identify the RCHs
(digital and field analysis) and to determine their
morphological features and investigate their inter-
nal structure. Second goal was to determine the age
of the studied forms (radiocarbon dating) and thus
to determine the time of charcoal production. Another
goal was to determine which tree species were used
to produce charcoal (palaeobotanical analysis).
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METHODS

The research was carried out for two selected loca-
tions from two river basins of the Czarna Konecka River
and Mata Panew River (southern and central Poland).
The study locations were chosen near former smelt-
ing villages where smelting plants existed. Five RCHs
were selected for each site. The selected RCHs were
in close proximity to each other, ranging from a few
to several metres. Preliminary identification of RCHs
allowed to establish that their greatest concentra-
tions are located relatively close to the riverbed
and in modern forested areas. Then, shaded relief
models covering selected areas were created using
the GIS software. On the basis of digital images, RCHs
were recognized. Then field studies were carried out
for the selected locations. They consisted in the field
verification of RCHs, previously identified on digital

B

center

hollow

FIG.1. A-shaded relief model with visible RCHs. B-terrain pro-
file through the single RCH

images. Next exposures were made in the selected
RCHs. From the exposures made in each RCHs, a char-
coal fragment was taken from the charcoal layer for
radiocarbon dating and anthracological analysis.
Radiocarbon dating was performed by absolute dat-
ing laboratories in Krakdw and Poznan. Anthracologi-
cal analysis was carried out by Agata Sady-Bugajska,
M.Sc. from the Silesian Museum in Katowice.

RESULTS AND CONCLUSIONS

Identification and measurements of RCHs during
digital and field studies showed that 10 selected RCHs
in the study locations ranged from 9 to 15 metres
in diameter. The centres of RCHs are composed of el-
evated mounds 0.2-0.5 m in height. Around the cen-
tral mound of each RCH, the remnants of shallow
hollows are present. (Fig. 1, Tab. 1).

Charcoal fragments and coal dust mixed with sand
were detected in all tested landforms, which confirms
the genesis of the studied forms related to charcoal
burning. Charcoal fragments and ash mixed with sand
constituted a dark layer with a thickness of several
to 25 cm, lying directly on the loose sands. The layer
of ash and charcoal was covered with a layer of the for-
est litter. The charcoal fragments ranged in size from
a few millimeters to several dozen centimeters.

Results of the palaeobotanical analysis (Tab. 1) al-
lowed to establish that Scots pine (Pinus sylvestris)
wood was used to burn charcoal in both studied lo-

TABLE 1. Results of field measurements, radiocarbon dating and anthropogenic anlage for selected RCHs

Sampled Diameter Depth Taxa Ade conv. BP Age cal AD Laboratory
RCH of RCH (m) | of sampling (cm) identification 9 : 95,4%) code
Brusiek/Koszecin villages study location - Mata Panew River basin
RCH 1 1l 20-55 _Scots Pine 756 = 40 191- 1297 GJA-5856
(Pinus sylvestris)
RCH 2 10 30-50 _Scots Pine 270+40 1486-1676 MKL-4471
(Pinus sylvestris)
RCH 3 9 20-35 _Scots Pine 320£40 1468-1649 MKL-4472
(Pinus sylvestris)
_ Scots Pine contemporary _ B
RCHA4 15 25-45 (Pinus sylvestris) | 100.17 + 0.91 pMC 1680-1956 GdS-4114
RCH 5 12 30-50 _Scots Pine 10£40 1694-1920 MKL-4473
(Pinus sylvestris)
Fatkow village study location — Czarna Konecka River basin
_ Scots Pine contemporary 5 B
RCHE 15 40-70 (Pinus sylvestris) 100.87 + 0.56 pMC 170771987 Gds-4i
_ Scots Pine contemporary R _
RCH7 14 60-80 (Pinus sylvestris) 103,00 £ 0,55 1955.5-1957.5 GdA-5858
RCH 8 14 40-60 (v Scots Pine 5435 1695-1919 MKL-4462
Pinus sylvestris)
RCH 9 14 40-60 _Scots Pine 20+35 1694-1919 MKL-4463
(Pinus sylvestris)
RCH 10 12 20-30 _Scots Pine 10£35 1695-1919 MKL-4464
(Pinus sylvestris)
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cations. This result proves the deliberate choice of this
species for charcoal burning or the high availability
of this species in the past in studied locations. In pre-
vious studies Scots pine was also a dominant recog-
nized species used for charcoal burning with addition
alder (Alnus sp.), birch (Betula sp.), oak (Quercus sp.),
Norwegian spruce/larch (Picea abies [ Larix sp.), sil-
ver fir (cf. Abies alba) and European ash (Fraxinus ex-
celsior) (Rutkiewicz et al. 2019, Rutkiewicz, Malik 2019).
Four out of ten dates obtained for the RCHs analysed
are likely to fall on the period of prosperity (17"-19t" c.)
of metallurgical activity in studied areas (Tab. 1). Two
dates (sample MKL-4471, sample MKL-4472) indicate
the origin of RCHs from the beginning of metallurgical
production. In three cases, the samples were identified
as contemporary (Tab. 1) One radiocarbon date (sam-
ple GAA-5856) (Tab. 1) can serve as indication that
the charcoal burning and metallurgical activity could
have been started earlier than historical sources sug-
gets. Together with previous studies (Rutkiewicz et al.
2019, Rutkiewicz, Malik 2019), we already have several
such dates that indicate this, which greatly increases
the likelihood of such a situation as described above.
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~Conference Environmental Archaeologie (CEA)"is an

international conference bringing together scientists
involved in the study of the environment with par-
ticular emphasis on issues in the field of archaeol-
ogy. This event takes place cyclically in European
countries (Italy, Czech Republic, Slovakia) and is or-
ganized by the association under the same name.
The latest edition in 2022 was held for the first time
in Poland, in the Holy Cross Mts. region. Responsible
for its organization were scientists and PhD students
from the Department of Geomorphology and Geoar-
cheology of Institute of Geography and Environmen-
tal Sciences of Jan Kochanowski University in Kielce
and the Polish Association of Environmental Archaeol-
ogy (SAS) in cooperation with the Museum of Ancient
Metallurgy in the Swigtokrzyskie region in Nowa Stupia
and the Archaeological Museum and the ,Krzemi-
onki” Reserve. The event was held under the patron-
age of the Voivode and Marshal of the Swietokrzyskie
Voivodeship, the City and Commune of Suchedniéw
and the Suchedniéw Forest District. Media patron-
age was taken by TVP Kielce and Naszsuchedniow.
blogspot.com. The conference was co-financed un-
der the project Excellent Science: Paid from the funds
of the Polish Ministry of Education and Science under
the contract no. DNK [ SP [ 513743/2021 of 03/03/2022;
project name: Conference of Environmental Archae-
ology CEA | AEA 2022, Poland; the amount of funds
PLN 25.080.

Over 30 scientists from Poland and abroad partic-
ipated in the conference. Detailed information on this
year's conference can be found on the website: www.
cea2022.pev.pl.

On the first day (April 4), during the opening
of the conference, attended by the Mayor of the City
and Commune of Suchednidéw, Cezary Btach, Vice-
Deanfor General and Financial Affairs, Prof. UJK Dr hab.
Rafat Koztowski, and the Deputy Director for Scientific
Affairs at the Institute of Geography and Environ-
mental Sciences of the Jan Kochanowski University
in Kielce, Prof. UJK Dr hab. Roman Suligowski, TVP
Kielce interviewed the organizers and participants
of the conference, and then lectures were given
by invited guests from Poland and abroad. They con-
cerned the current activities of plans for the future
of both organizations — the Czech CEA association
and the Polish Association of Environmental Archae-
ology. Subsequent thematic sessions concerned
individual time horizons, e.g. Palaeolithic and Neo-
lithic as well as regional issues, e.g. North-Eastern
Poland from the Subneolithic until today, or the Old
Polish Industrial District. There were also method-
ological papers on archaeobotany and pedology,
as well as the results of archaeology of river valleys
and cities. Some participants presented the results
of their research at the poster session. The pro-
ceedings ended with a gala dinner, which was an
opportunity for backstage discussions. On the last
day of the conference (April 6), the archaeological
elements of the cultural heritage of the Holy Cross
Mts. region were presented. The Museum of Ancient
Metallurgy of Holy Cross Mts. region in Nowa Stupia
and the Archaeological Museum and the ,Krzemion-
ki” Reserve were visited. It is also planned to publish
a post-conference publication (this monography),
among others with materials presented by scientists.
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ADDITIONAL MATERIALS:

Conference website: www.cea2022.pev.pl

Interview on TVP Kielce: https://kielce.tvp.pl/59443715/czlowiek-a-srodowisko-na-przestrzeni-
dziejow-konferencja-archeologii-srodowiskowe;j

Photo gallery: https://flic.kr/s/aHBqjzJQ7M
Authors: Marta Btaut, quolino Fularczyk, Tomasz Kalicki, Paulina Kurpifiska, Marcelina Maturlak,
Pawet Przepidra, Krzysztof Zurek

Promotional video from the conference: https://youtu.be/UWDgmwO0s9j0
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Group photo of the CEA 2022 conference participants
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CONFERENCE

Volunteer students co-organizing conference at registration desk
(n picture: from left Marcelina Maturlak and Paulina Kurpiﬁsko)

Volunteer student co-organizing conference at registration desk (In picture: Marta Btaut)
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CONFERENCE

On the registration desk was a lot of interesting materials available for the conference participants
(In picture: Prof. Dr hab. Sergii Bortnyk)

LJ ( S
w Kigicath

Conference gifts ready to be distributed to conference participants
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CONFERENCE

The opening ceremony

Conference participants and co-organizers during the presentation session
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CONFERENCE
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Oral presentation by Dr Jakub Niebieszczafiski

Questions and discussion after the presentation of Dr Pawet Przepiéra (on the left).
Charman of the session Dr OndFej Mlejnek (on the right)



Photo album

CONFERENCE

Part of the conference organization team (frpm the right: PhD student Piotr Biesaga,
Dr Marcin Frgczek, PhD student Krzysztof Zurek, and PhD student Piotr Kusztal)

Fervent discussion during Ice Braker Party (From left: Prof. Dr hab. Lenka Lisd and Prof.
UB Dr hab. Maciej Karczewski. Prof. Dr Michal Hejcman in the background)
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CONFERENCE

Hesnvgnane "o

On-line speech of Dr Libor Petr

- .=

The poster session. Speach of Patricia Ayipey (Ghana) PhD student in University of South Bohemia
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It's time for a lunch...

..and dinner
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THE EXCURSION

A group photo of the excursion participants in front of the Museum with the bloomeries slags exposition the in background



90 Photo album

THE EXCURSION

Introduction presentation about ancient metallurgy in Holy Cross Mts. by Prof. UJK Dr hab. Szymon Orzechowski

Around the table presenting the bloomeries history by funny pictures
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THE EXCURSION

Bloomeries slags as souvenirs from the region’s metallurgical past
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THE EXCURSION

The Museum exposition presenting reconstruction of the bloomery..

..and how it works
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THE EXCURSION

A plan of the mining field in “Krzemionki” shown by the guide (The CEA 2022 logo inspiration)
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THE EXCURSION

Exhibition at the Museum showing the flint processing

Part of the exhibition is located on the surface of the original Neolithic mine shafts..
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THE EXCURSION

..and in the underground

In the mines are visible deposits of striped flint, which was mined by the Prehistoric man
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THE EXCURSION

Part of original tunnels of the Neolithic mine in “Krzemionki” with preserved painting



THE ENVIRONMENT AS AN ARCHIVE OF PasT HumaN AcTiviTies (ep. T. KaLicki)

RepoORT

SPONSORSHIP

Pratne e drodidw Minksierstea Edukaci | Mawki
na podetawie umoeey e DHICSPIIITARBOT 1 dnia 03.00.2022
nazwa projakiu; Conferance of Environmantal Archasology
CEAMEA 2022, Poland: kwota drodkow 25 080 =i,
Paid by the Minlitry of Education and Sclence
wndkiy coilracl No. DNICSPASTITA22021 af 03032022,
marm Comfarence of Envirsamantsl Are
CEAJAEA I0ZZ, Poland; rhe smouwal of fonds PLN 25.080.

HONORARY PATRONAGE

4 MARSZALEK

WOJEWODZTWA
SWIETOKRZYSKIEGO

MARSHAL OFFICE OF THE SWIETOKRZYSKIE VOIVODESHIP

Swietokrzyski
Urzad Wojewddzki

Swigtokrzyskie Voivodship Office

m|gm MNadlegnictwo Suchednidvs
Bpere of e oty it Coenrrusnity of Sochecinite Suchednidw Forest District

MEDIA PATRONAGE
——
WY aszSUCHEDNIQYy
KIELCE BLOGSPOT.COM
CONFERENCE VENUE

I‘B HOTEL SWIETOKRZYSKI

WWW.CEA2022.PEV.PL

—
e,
ot e

Wonm
Ca iy,

'@Wnnﬁ"ﬁ



e I ,fs ‘ THE ENVIRONMENT AS AN ARCHIVE OF PasT HumaN AcTiviTies (ep. T. KaLicki)

20, NoTEs




e I ,fs ‘ THE ENVIRONMENT AS AN ARCHIVE OF PasT HumaN AcTiviTies (ep. T. KaLicki)

20, NoTEs




e I ,fs ‘ THE ENVIRONMENT AS AN ARCHIVE OF PasT HumaN AcTiviTies (ep. T. KaLicki)

20, NoTEs




