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Abstract. The subject of the work is a reconstruction of environmental conditions in the Lower Oder River Valley in the early
Middle Ages with use multi-proxy research. This was considered in terms of natural determinants of the development of hy-
drogenic habitats in the estuary section of a large lowland river, but at the beginning of a headland of natural morainic plateau
known as Castle Hill in Szczecin. In a relatively small area, three different types of geochemical landscapes were distinguished
that had specific functions in matter cycles, including the water cycle. The article mainly presents the results of geochemical
studies for a series of biogenic deposits separated by a series of lacustrine sediments with a large admixture of mineral material.
An attempt was also made to determine subfossil animal remains in the sediments.
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Introduction

Szczecin is an interesting example of urban
centre, its favourable geographic location hav-
ing afforded considerable important economic
and cultural importance to the entire West Pom-
erania region for over a thousand years.
The first settlement with early urban features
was built around the middle of the 9th century
on the site of a tribal settlement dating
to the turn of the 8th century (Losinski 1996).
It was situated on present-day Castle Hill
and inhabited mainly by merchants, craftsmen
and fishermen. Work edited by Kowalska
and Dworaczyk (2011) presents detailed results
of archaeological research carried out
in the early-medieval settlement accompanied
by a stronghold, within the so-called Vegetable
Market but also discusses the conditions for
the development and economic history of
the entire settlement complex. Archaeological
research conducted to date within the confines
of the former Vegetable Market (Kowalska (ed)
2019) confirms that the area between the slope
of Castle Hill and the Oder River channel was
the main craft and fishing district of early-me-
dieval Szczecin. According to Leciejewicz
(1962), for these reasons, this area may have
been referred to as a second "hill", despite
the barrel soil level here being about three me-
ters below the present sea level.

The results of previous analyses of cultural
layers and organic sediments at the settlement
complexes have repeatedly confirmed their util-
ity for detailed reconstructing environmental
conditions in areas of settlements and human-
environment relations (Tobolski (ed) 1998; Lat-
atlowa 1999a; Hildebrandt-Radke 2007; Ma-
kohonienko, Nalepka 2007; Tobolski, Zurek
2012; Muzolf et al. 2013/2015; Kittel et al.
2018, 2020, 2021; Czerwinski et al. 2019;
Wieckowska-Liith et al. 2021; Dorfler et al.
in press). In the case of archaeological sites in
Poland, palaeobotanical analyses was the field
of study decidedly most frequently used for this
purpose as it provides a lot of information about
plants in terms of their use as food, as raw ma-
terial for crafts or in medicine (Badura et al.
2004; Litynska-Zajac, Wasylikowa 2005; Lat-
atowa 2007; Wasylikowa et al. 2009; Moskal-
del Hoyo 2021), while also allowing sediments
to be dated and local and regional changes
in vegetation to be reconstructed (Latatlowa
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et al. 1998; Milecka 2007; Tobolski 2008; Do-
browolski et al. 2013/2015; Badura et al. 2022).
The remains of aquatic invertebrates are also of-
ten used in the study of archaeological sites lo-
cated around water bodies. These include mol-
luscs, water fleas (Cladocera) and non-biting
midges (Chironomids), whose fossils can pro-
vide valuable information on environmental
conditions (Pawtowski 2017), changes in water
level (Ptociennik et al. 2020; Kittel et al. 2021,
in press; Antczak-Orlewska et al. 2022)
and temperature (Ptociennik et al. 2022; Ant-
czak-Orlewska et al. in press). The analysis of
subfossil remains of water fleas also enables
a detailed reconstruction of the stages of eu-
trophication of lakes attributable to settlement
cultures’ direct activity (Szeroczynska 1998) or
to their intentional activity in the immediate vi-
cinity of lakes (e.qg. fires intended to improve the
exploita- tion of natural resources; Sobkowiak-
Tabaka et al. 2020) from the end of the Palae-
olithic (Sobkowiak-Tabaka et al. 2022) and the
Neolithic (Kittel et al. 2021) to historical times
(Kittel et al. 2014, 2018).

Geochemical methods are relatively less
frequently, despite one of the key results of hu-
man activity being changes in the chemical
composition of individual environmental fea-
tures (Konecka-Betley, Okotowicz 1998; Zgto-
bicki, Zidtek 2006; Forysiak et al. 2012; Foltyn
et al. 2018). However, the results of all
the aforementioned methods are key in the in-
creasingly frequent attempts to estimate
the scale of changes in environmental compo-
nents of caused by human activity (Latatowa
1999b; Ptaza et al. 2013/2015; Majorek 2017,
Lamentowicz et al. 2019; Mroczkowska et al.
2021; Stowinski et al. 2021; Makohonienko
et al. in press) and should be used more fully to
forecast future environmental changes (Lamen-
towicz 2007; Stowinski et al. 2019).

In the case of geochemical studies of lim-
nic and peat sediments, it is crucial to determine
the share of the main sedimentary processes re-
sponsible for forming a sediment cover in a bi-
ogenic accumulation reservoir. According to
Borowka (2007), the most important of these
processes are: terrigenic sedimentation (the sup-
ply of allochthonous mineral matter, mainly
from the catchment), biogenic sedimentation
(e.g. the accumulation of amorphous organic
matter or the sedimentation and decomposition
of diatom shells, molluscs, etc.) and chemo-
genic sedimentation (the dissolving and precip-
itation of crystalline and amorphous substances
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such as calcium carbonate, hydroxides, sul-
phides or phosphates). All these processes are
variable in space and time (Bojakowska, So-
kotowska 1997; Apolinarska et al. 2012; Kittel
et al. 2020; Adamek et al. 2021; Pleskot et al.
2022; Sojka et al. 2022), and their intensity can
increase markedly depending on the nature and
degree of human impact (Kosinski et al. 1994;
Korzeniowski et al. 2020; Cybul, Okupny 2021;
Ptociennik et al. 2021, 2022). In this respect,
strongholds, defensive settlements and urban
centres are special; though they contain histori-
cally valuable features, they also constitute
an irreplaceable testing ground for geoarchaeol-
ogy, which also includes environmental geo-
chemistry (Wardas-Lason et al. 2007; Hilde-
brandt-Radke 2011; Galas, Jaeger 2016; Kittel
et al. 2018; Twardy et al. 2018).

The issues central to interdisciplinary geo-
archaeological research include identifying to-
pography and surface geological structure and
their impact on the settlement and economic ac-
tivity of past communities (Rutkowski, Starkel
1989; Hildebrandt-Radke 2011; Kittel 2012;
Twardy 2013/2015; Janowski 2021). In addi-
tion, climate change and increasing human im-
pact have increased the importance of geomor-
phology and palaeogeography in recent years,
as evidenced by, for example, the amount of re-
search aimed at reconstructing anthropogenic
transformations of morphology and lithology
that is increasingly being conducted within the
borders of urban centres (Tro¢, Milecka 2008;
Kaniecki 2013; Swieta-Musznicka, Latalowa
2016; Zwolinski et al. 2017; Lajczak, Zarychta
2020; Wierzbicki et al. 2021). Bearing in mind
the examples of the aforementioned environ-
mental conditions of settlement and the geolog-
ical record of the activity of former communi-
ties, this article presents the results of geo-
archaeological research conducted within
the boundaries of medieval Szczecin. The arti-
cle aims to compare the results of palaeozoolog-
ical and geochemical studies conducted on a se-
ries of organic sediments accumulated before
and during Szczecin’s initial settlement expan-
sion phase in the early Middle Ages. The results
of the palaeogeographic research were consid-
ered in the context of the natural conditions
of the city's location, allowing existing recon-
structions of medieval Szczecin’s hydrological
network to be verified. In interpreting of the ge-
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ochemical research results, the relationship be-
tween abiotic elements of the geographical en-
vironment and the activity of ancient of human
communities proved to be key, and, on the as-
sumption that these relationships are reciprocal,
the level of human-induced pollution was as-
sessed. In addition, findings on chemical com-
position and palaeozoological results were com-
pared against the results of a taxonomic identi-
fication of plant remains by Sady-Bugajska
(2021) for ten samples from the cultural layers
of various buildings dated to the 11th and 12th
centuries and from mulch layers between and
below wooden structures.

Study area and study object

Physical location of

the area

geographical

In the geomorphological division of Poland
(Gilewska 1986), Szczecin is located within
three mesoregions, i.e. the Lower Oder River
Valley, Szczecin Heights and Bukowe Hills,
which are parts of Szczecin Coastland macrore-
gion of the Southern Baltic Coastlands sub-
province in the Central European Lowland
province (Fig. 1). A simplified, but still the most
complete picture of the shape of the research
area’s surface is presented on the geomor-
phological map of the Mysliborz Lakeland
and the Szczecin Lowland by Karczewski
(2008). From the point of view of the circulation
of matter, the study area’s main macroform
is undoubtedly the Oder River valley, which is
several kilometers wide and whose lower sec-
tion separates three large glacigenic units, di-
viding the Stobno Hills and Warszewo Hills
to the west from the Bukowe Hills to the east
(Fig. 1B).

The studied organic sediment profiles (SK-
-1 and SK-3) are from within the Rybaki
15 Street and short distance to the north-east
from Vegetable Market and south from Castle
Hill in Szczecin (Fig. 2). Although the Szczecin
area is among the country’s peatiest (Zurek
1999), detailed palaeogeographic studies have
been conducted on biogenic sediments for sites
in the vicinity of the city (Jasnowski 1962; Lat-
atowa 1994; Borowka et al. 2005; Latatowa,
Borowka 2006; Okupny et al. 2020). The reason
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Fig. 1. A: Location of the study area against the other important urban centers in the areas of the Oder estuary
in the early Middle Ages after Cnotliwy et al. (1983)

1 — altitude below 100 m a.s.l, 2 — altitude between 100-200 m a.s.l., 3 — country border, 4 — line of the hydrological cross-
-section and selected water-gauges (see Fig. 1C)

B: Location of study area against the division to geomorphology mesoregions after Gilewska (1986) and the geo-
morphological chart after Karczewski (2008)
1 — morainic plateau with glacitectonic structures, 2 — flat and undulating morainic plateau, 3 — kame terrace, 4 — Oder River
flood plain levels, 5 — river and glacial valley bottom, 6 — dune hills, 7 — lake and river network, 8 — city area, 9 — study area,
10 — boundaries of the mesoregions (bold font) and selected lower order units (standard font)

C: fall the water level on the lower Oder according to the few-year average water on a given water gauge after

Wisniewski et al. (2005) against the mechanical denudation ratio after Branski and Banasik (1996) — changed

1 — water gauge, 2 — fall the water (in %), 3 — mechanical denudation ratio < 3 Mg-km?-year?, 4 — mechanical denudation
ratio between 3-10 Mg-km?-year?, 5 — the maximum extent backwater floods, 6 — study cores location

for this is, the influence of the centuries-old hu-
man economy, which in the case of Szczecin led
to changes in the hydrological network, the in-
tensive management of wetlands and the de-
struction of the substrate in zones progressively
covered by residential, industrial and service
buildings (Kochanowska, Rygielski 2001,
Duda, Borowka 2007; Rudewicz 2021). Diffi-
culties in finding biogenic sediments of undis-
turbed chronology in historical city districts
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have been indicated by, among others, Wasyli-
kowa et al. (2009) for Krakow and Latatowa
et al. (2009) for Gdansk.

Of the many physical geographical fea-
tures of the research area in terms of the location
of Szczecin, the most frequently mentioned are:
its central location within the Szczecin Low-
land, the possibility of building a crossing over
the Oder River valley with harbours on sandy
beaches and terrace outlier, and the possibility
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(after Losinski 1996) and reconstruction of wetlands area near Old Town after Borowka and Wolny (2011),
B — spatial changes of slope parameters, C — spatial changes of slope aspect

of developing a seaport at the junction of mari-
time and inland routes (Losinski 1996; Pi-
otrowski, Hoc 2010). On the other hand, Za-
remba and Orlinska (1965) emphasise that
Szczecin was established in a place where a nat-
ural trail ran that made it easy to cross the wide
Oder River valley (avoiding the wide but rela-
tively shallow waters of Lake Dabie) and at the
end of which was a steep plateau edge. Two ra-
vines that descend sharply to the Oder River
valley along the modern-day streets Trasa Zam-
kowa and Wyszynskiego may also have served
defensive functions (Fig. 2). As a result, the re-
lief in the vicinity of early-medieval Szczecin
was shaped mainly by the erosional and accu-
mulational activity of river waters, slope pro-
cesses, the processes sedentation of peat and ac-
cumulation of gyttja in wetlands, and anthropo-
genic activity (Boréwka, Wolny 2011). From
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the point of view of the studied profile, it should
be emphasised that the progressive bogging
of the bottom of the Oder River valley and the
resulting increase in biogenic and fluvial sedi-
ments eventually blurred the hypsometric dis-
tinctness of the edges separating the valley from
the plateau surfaces of the Warszewo Hills
and the Stobno Hills. The reason for favour-
able hydrogeological conditions in the area
of the Oder River estuary, which are conducive
to accumulation (sensu lato) of organic matter,
is the very low water level slope (usually
0.00015-0.00036% over a distance of almost
100 km; Fig. 1C). The above-described physical
geographic characteristics thus confirm the le-
gitimacy of distinguishing all three geochemical
landscapes within the borders of early medieval
Szczecin — from autonomous, through transit—
—to subordinate (Perelman 1971).
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Outline of chronological cultural and so-
cio-economic site characteristics

The day-to-day living habits of early-medieval
Szczecin’s inhabitants can be determined based
on traces of their living conditions, preserved
features of the land development of the inhab-
ited area, and features related to their places
of work. The nature of activities under-
taken, the quality and technical advancement
of the objects, tools, clothing and ornaments
produced (as well as the material from which
they were made) attest to the dynamic develop-
ment of this settlement on the Oder (Losinski
1972; Dworaczyk et al. 2003).

In the 9th century, there were changes
in the development of the hilltop settlement.
The permanent log buildings intersected by
a system of wood-paved streets were bounded
by wood and earth reinforcements (Leciejewicz
1962; Kowalska, Dworaczyk 2011). The inhab-
itants of Szczecin engaged in craftworking, con-
tinuing to trade both locally and with Scandi-
navian countries. Long-distance imports of
the time were raw materials, mainly low-phos-
phorus iron ore and slates of quartz crystal, i.e.
phyllite and decorative glass products (Losinski
1997). The increased exchange of goods forced
the inhabitants to build a port facilitating trans-
shipments, thereby providing access to the main
branch of the river.

In the early 10th century, the riverside wet-
lands and floodplains were turning by people’s
economic needs into a regular, stable, densely
built-up and settled area, which in the mid-10th
century was additionally surrounded by defen-
sive fortifications. The settlement’s economic
centre was moved from the hill to the riverside
areas. There, the log-frame buildings erected
were larger than those on Castle Hill. In an en-
vironment that made transport difficult, people
moved along stabilised platforms or along
wood-paved communication routes (Losinski
1996; Kowalska, Dworaczyk 2011). Fish cathes
were transhipped here, and craft workshops spe-
cialised in processing glassware from imported
semi-finished products to create, for example,
items of women's jewellery. Numerous exam-
ples of glass beads and rings were found during
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the archaeological excavations (Kowalska,
Dworaczyk 2011). The quality of manufactured
iron knives and the technical quality of animal
skin processing increased. The exchange
of goods with the northerly countries was not
abandoned, but the local market was most im-
portant. Luxury goods, products made of semi-
precious stones and ceramics were imported
from long distances (Kowalska, Dworaczyk
2011). Increased activity on the water encour-
aged the development of outbuilding. There
was lively blacksmithing and pottery produc-
tion whose products were sold by exchange
(Leciejewicz, Wieczorkowski 1983).

The buildings of the district along
the River Oder and on the hill was a permanent
part of Szczecin settlement’s landscape by
the early 11th century. The inhabitants contin-
ued to engage in carpentry, tanning and metal-
working for local needs. They used small-scale
fishing equipment, but fishing did not exceed
local needs of the time. Fishing became more
important in the general structure of the inhab-
itants' activities in the latter 11th century. This
is characterized by an increase in the number
of fishing instruments, including technologi-
cally more advanced fishing nets evidencing
the need to involve a larger group of specialized
people. This occupation brought more profits,
allowing the inhabitants to increase the variety
and quality of household items. At that time,
the assortment of locally crafted clay and glass
vessels and coopering products increased
(Kowalska, Dworaczyk 2011). Mass transship-
ments of grain and agricultural and forestry
products were carried out in the port and these
wares were exchanged mainly for local prod-
ucts. Thus, trade became one of the dominant
sectors of the economy, replacing manufactur-
ing.

From the excavations carried out in 2020
in excavation 1 at Rybaki 15 Street, the young-
est level of buildings consisted of remnants of
a late medieval tenement house that was rebuilt
in subsequent centuries. In the modern century,
while the floors were being replaced and base-
ment rooms renovated, the ground under
the planned floor was stabilised with thick
wooden logs laid as a grate structure that is vis-
ible in the profiles of the excavation. Directly
under the floor and logframe stabilising struc-
ture, there were early medieval layers. In this
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Fig. 3. Dendrochronological dating of growth sequences of charred wood (A) and calibartions plots of the results
radiocarbon dating from MKL-5104 (B) and MKL-5105 (C) samples from study area at Podzamcze in Szczecin

excavation, five levels of wooden structures
were uncovered. Structures I-11l and V were
remnants of logframe wooden buildings, while
structure 1V was preserved too fragmentarily
to determine its original purpose. Analyses
of movable materials and dendrochronological
studies dated the younger structures | and Il to
the fourth quarter of the 12th century and early
13th, the older level I11 to the second-third quar-
ter of the 12" century and structures 1IV-V to
the first quarter of the 12™ century (Fig. 3A).
This is also indirectly confirmed by the radio-
carbon dating of wood samples from structures
111 and 1V from excavation 1 (Fig. 3B), as they
were built between 1086-1210 cal AD and be-
tween 1051-1175 cal AD (Fig. 3C).

Research methods and materials

Palaeozoological analyses and chemical proper-
ties of the discussed sediments were performed
for the SK-1 and SK-3 profiles collected from
archaeological excavation 1 (Fig. 4) at the Street
Rybaki 15, within boundaries of Podzamcze
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settlement zone in Szczecin. An archaeological
excavation of 5.4 mx4.0 m and 2.5 m deep was
made in 2020 yr. The roof of the excavation lay
at 6 ma.s.l., just 80 m west of the modern River
Oder channel. The profile marked SK-1 was
taken from the north-western corner of excava-
tion 1, which in the report by Nierychlew-
ska and Bartczak (2021) was assigned to
the now non-existent building 15 on Rybaki
Street (Fig. 4E). This profile was 125 cm thick,
because the first mulch sample collected for pal-
aeogeographical analyses was from 125 cm be-
low the level of cellars constituting the remains
of tenement houses. In the same place, a bore-
hole was drilled to a depth of 290 cm (marked
SK-3) using Eijkelkamp peat probes (Fig. 4E).
The Edelman borer proved to be particularly
useful in collecting samples from highly co-
hesive bedrock sediments. Palaeoecological
and geochemical analyses are planned for
the SK-2 profile profile collected from
the southern wall of excavation 1 (Fig. 4F);
itincludes less homogeneous geological for-
mations, which is typical for urban sites.
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As a result, for profiles SK-1 and SK-3, from each genetic sedimentary horizon (Zurek
atotal of 44 samples for palaeogeographical 2010). For this reason, the resolution of
analyses were collected in accordance with gen- the analyses varied, but usually involved 5-cm-
erally accepted requirements, i.e. one sample -long sections of sediments. The exceptions
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were the analysis of bulk density conducted on
44 samples of volume 2 cm® (Chambers et al.
2010/11), and the grain-size distribution of
the mineral fraction by laser diffraction using
a Mastersizer 3000 by Malvern on 12 samples
(with the lowest share of organic matter) of
mass 1 gram (Ptoskonka 2010). The individual
samples were described macroscopically
in terms of: the share of the main plant remains
of size >2 mm; the structure of the sediment;
and, for biogenic layers, their degree of decom-
position. The percentage ratio of amorphous or-
ganic mass to total sample mass was determined
as described by Maskimov (1965) based on as-
sessment of the colour and turbidity of water
squeezed out by hand, and by hand smear, as
defined by Tobolski (2000).

For the analysis of subfossil remains
of Chironomidae, samples of 16-32 cm® were
collected at 5-20-cm intervals. After kerosene
flotation (Rolland, Laroque 2007), they were
rinsed on a 90-um sieve and then subjected
to the standard procedure described in Brooks
et al. (2007). Insect remains were selected using
a stereoscopic microscope and then dissected
on slides (for heads of flies) or secured on paper
soaked in a preservative mixture. Identification
was based mainly on keys provided by Brooks
et al. (2007) and Andersen et al. (2013).

For the Cladocera analysis, 1-cm® samples
were taken at 5-20-cm intervals and initially
prepared for testing according to Frey's method
(1986). They were macerated with 10% HCI,
boiled in 10% KOH using a magnetic stirrer,
and the resulting residue poured through sieves,
washed, and placed in tubes and preserved
in formalin. Due to the lack of Cladocera re-
mains, the above procedure was slightly modi-
fied. In three successive series of laboratory
tests, 2-cm?® samples were taken and left in dis-
tilled water for 24 hours. They were then mac-
erated with 10% HCI and boiled in 10% KOH,
but for different times (15, 20 and 30 min),
without the use of a magnetic stirrer. The re-
sidua obtained from each time series were
poured through sieves, washed, and placed
in test tubes and preserved in formalin. Unfor-
tunately, no remains of these aquatic inverte-
brates were found in any of the samples.

As part of the geochemical research,
the first stage of the laboratory procedure in-
cluded lyophilisation of frozen samples using
an Alpha 1-1 LD plus lyophiliser from Chrust.
Due to the heterogeneous nature and relatively
high moisture of the sediments, this process was
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repeated twice. The percentage shares of total
carbon (C), total nitrogen (N) and total sulphur
(S) were detemined using a VarioMax CNS ap-
paratus by Elementar using high-temperature
combustion of organic samples in ceramic cru-
cibles. The next stage included the mineralisa-
tion of samples following the procedures de-
scribed by Borowka (1990) and Heiri et al.
(2001). Organic matter was removed by loss
on ignition (LOI); sediment samples were cal-
cined for 6 hours in a muffle furnace at 550°C.
Then, part of the obtained ash was put into so-
lution in a mixture of: 8 ml concentrated nitric
acid (HNQOg), 2 ml 10% hydrochloric acid (HCI)
with the addition of 2 ml of perhydrol (H.0,).
Wet mineralisation was carried out in Teflon
bombs using a twelve-column ultrasonic miner-
aliser manufactured by Berghof. In the obtained
solutions, the concentration of such elements
as sodium (Na), potassium (K), magnesium
(Mg), calcium (Ca), iron (Fe), manganese (Mn),
cooper (Cu), zink (Zn) and lead (Pb), was deter-
mined by atomic absorption spectrometry
(AAS) using a Solaar 969 Unicam device
and the proportion of phosphorus (P) by injec-
tion-flow method using an FIACompact device.
The concentrations of most metals were ex-
pressed in mg/g dry weight (d.w.) except for Cu,
Zn and Pb, which were converted to pg/g d.w.
The total mercury (Hg) content (in pg/kg d.w.)
was determined using a DMA-90 Analyser
(Milestone Company). This toxic metal was de-
termined based on the principle of thermal de-
composition, catalytic conversion, amalgama-
tion and atomic absorption detection (Leipe
et al. 2013). The share of total organic carbon
(TOC) was calculated as the difference between
mass of inorganic carbon (treated at CaCOs
content) and mass of total carbon (Apolinarska
et al. 2012). The chemical examination results
were used to determine the type and kind of gyt-
tja based on the proposal of Markowski (1980)
created based on many years of research on lim-
nic sediments in western Poland. In addition,
considering the physical geographical condi-
tions described in the previous section, our in-
terpretation of the chemical composition results
for the examined sediments emphasised the
functions of individual landscape units in the
circulation of matter and water, and the local ge-
ochemical background was calculated using
first part of “The Geochemical Atlas of the
Szczecin  Agglomeration” (Lis, Pasieczna
1998).
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Results

Lithology and physicochemical proper-
ties of sediments

The organic sediments discussed in the paper
show a clear tripartite structure. In terms
of the share of individual lithogeochemical
components and the results of archaeobotanical
studies, the thickest part (285 cm) is of biogenic
layers whose organic matter content rarely ex-
ceeds 60% (Fig. 5). The sediments of limnic
genesis with a relatively high bulk density
(about 2 g/cm?®) and dominated by terrigenous
material are 60% less thick (117.5 cm). How-
ever, it should be remembered that the studied
organic sediments were heavily compacted by
erratic boulders, a road embankment and resi-
dential buildings. Over a thousand years of pres-
sure, squeezed out water and changed the sedi-
ment structure from plastic to compact, often
shale-like. According to Rotnicki's (2009) pro-
posal for calculating the original thickness
of organic sediments, the estimated thickness
of deposits from Rybaki 15 Street may have
been as much as 560 cm, which is nearly 40%
thicker than the analysed series of biogenic sed-
iments.

The examined organic sediments quite
clearly differ in chemical composition depend-
ing on lithology, and the changes in vertical dis-
tribution of most of the analysed components al-
lowed three geochemical levels to be distin-
guished in the SK-1 and SK-3 profiles (Fig. 5).
The oldest (GZ I) consists mainly of a biogenic
sediments (depth: 415-317.5 cm) with moder-
ately decomposed plant macroremains and rela-
tively high fluctuations in the concentration of
most metals (mainly Ca, Mn and P) except Fe
and Zn. In the first case, the Ca content de-
creases from 64.9 to 32.5 mg/g d.w., Mn de-
creases from 0.58 to 0.21 mg/g d.w. and P in-
creases from 5.6 to 24.3 mg/g d.w. Iron concen-
tration ranges from 3.8 to 6.3 mg/g d.w. and Zn
from 95 to 120 pg/g d.w. The share of organic
matter in this level does not exceed 72% and the
share of CaCOs is relatively high (18.2-21%).
These results are typical for fen peats, which are
often enriched with aluminosilicates, opal, vivi-
anite and gypsum (Kwiatkowski 1971; Maciak,
Liwski 1996; Rydelek 2011; Okupny et al.
2016).
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The next geochemical horizon (GZ 1), lo-
cated at a depth of 317.5-240 cm, includes de-
tritus-clay gyttja deposits with two mineral in-
terbeddings (Fig. 5). These deposits have a high
proportion of mineral matter (range: 16.3-55%)
and the lowest CaCOs (9.5-17.5%) and TOC
(0.7-2.8%) content in the entire profile,
and clearly lower concentrations of most ele-
ments except Fe, Znand K. In turn, the rhythmic
nature of this horizon is confirmed by the grain-
size distribution of the mineral fraction, which
forms poorly sorted, alternating layers of silty
sand (M; in the range 3-5 phi) and sand (M,
in the range 2-3 phi). The higher share of clay
fraction (in the range 5-8%) is associated with
the highest catchment erosion index valuesfor
the entire profile (of the order 0.25-0.35, being
the quotient of the sum of lithophilic elements:
Na, K and Mg to Ca).

The GZ I1l geochemical horizon, located
at a depth of 240-12.5 cm, again includes bio-
genic sediments with a share of organic mat-
ter of 51-64% and the highest average share
of CaCOs in the entire profile, i.e. 20.3%
(Fig. 5). In this series, there are five mineral in-
terbeddings in the form of fine- and medium-
-grained sands (M; in the range 0.5-2 phi) of
moderate sorting (o1 of the order 0.8-1.2 phi).
In the top of this horizon there is a muich, i.e.
a dark brown anthropogenic layer containing
a lot of straw, wood and leather, not exceeding
20 cm thick. This geochemical horizon has
the maximum concentrations of such metals as
Ca (70.6 mg/g d.w.), Mg (4.45 mg/g d.w.), Mn
(0.75 mg/g d.w.) and Cu (36.5 pg/g d.w.).
The Na and K concentrations are slightly lo-
wer but uniform (2.1-3.13 mg/g d.w. and 2.4—
—4.3 mg/g d.w., respectively). In the case of
mineral interbeddings, the share of all elements
decreases slightly except for Fe and Zn, then
the share of non-carbonate mineral matter
always exceeds 50% and reaches a maximum
of 62%. However, according to the classifica-
tion of Okruszko (1976), these sediments are
poorly silted.

Analysis of palaeozoological remains

Only a few remains of Chironomidae larvae
were found in the analysed samples. Most were
identified as semiterrestrial or wet-soil taxa
(Georthocladius, Limnophyes, Smittia/Paras-
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mittia). One Polypedilum nubeculosum head
found in one detritus-clay gyttja roof sample
(GZ 11 geochemical horizon) may have be-
longed to a Chironomidae developing in a shal-
low periodic water surface. The insect remains
were relatively abundants heads of drain fly
(Psychodidae) larvae, head capules, as well as
fragments of pupae and larvae of other flies
(Diptera). In addition, a few elytras of the
Staphylinidae family and chitinous exos-
celetons of Oribatida mites were also identified.
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Early medieval evolution of hydro-
genic habitats of the Lower Oder
River valley in the vicinity of the Pod-
zamcze site in Szczecin

Referring to Perelman’s (1971) concept of ele-
mentary geochemical landscapes, the research
archaeological site is associated with the func-
tioning of subordinated areas, otherwise known
as accumulation areas, in the lower Oder River
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valley. These include depressions of impeded
water outflow in which organic matter accumu-
lates. According to Rycharski and Piorkowski
(2001), the dynamics and manner of matter cir-
culation are conditioned in this case by geolog-
ical structure and topography, maybe old forms
of land use, which are reflected in the structure
of wetland habitats and the chemical composi-
tion of biogenic sediments. The chemical com-
positions of the biogenic sediments from
Rybaki 15 Street in Szczecin presented herein
record the diversity of many elements of the ge-
ographical environment established as the im-
portant urban centre functioning in the early
Middle Ages in a geomorphological situation
typical of the lower Oder River valley.

Despite the high water table, as evidenced
by the enrichment of sediments in CaCOj;
(the average share in the entire profile is 21.5%
with a standard deviation of only 2.3%), high
Ca/Mg ratios (usually between 15 and 20)
and low Na/K ratios (not exceeding 0.8 for 77%
of the samples), the sediments were neverthe-
less laid down with high availability of oxygen.
Changes in the S concentration (in the range
of 0.04-0.7%) and Fe/Mn ratio (in the range
of 6.43-52.5) show a close relationship with
the lithological type of sediments and re-
cord changing oxidation-reduction conditions
in the periodic moistland (Fig. 5). The chemical
composition described above mainly result
from changes in the water table at the edge the
wide, mire valley. According to Zurek (1993),
this habitat type functions in seepage erosion
zone or depressions between channels, and the
accompanying gley processes are responsible
for the accumulation of mineral-organic peat
formations. Therefore, the water table at the
western slope of the Oder River valley remained
below the ground level, thereby hindering the
development of a rich organic layers. It is also
worth emphasising that the Podzamcze settle-
ment zone in Szczecin lies beyond the area
of frequent occurrences of bog iron ores (i.e.
precipitation of hydrated iron oxides) in Poland
(Ratajczak, Rzepa 2011); thus, the high water
table in the hinterland of the wide Oder River
valley probably created conditions favourable
to their formation. Bog ores may also have oc-
curred in the stagnant waters of other smaller
rivers near Szczecin and in the vicinity of Lake
Miedwie; this, in conjunction with easy access
to wood supplies from nearby forest complexes
(i.e. the Bukowa, Goleniowska and Wkrzanska
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Forests), was conducive to larger-scale metal-
lurgical and blacksmithing production (Rogosz
1983).

The periodic moistland was not a typical
habitat for aquatic invertebrates. Their develop-
ment may be due to the specifics of the accumu-
lation environment (lack of water), whose
the conditions were not conducive to conserv-
ing organic material or with an existing supply
of toxins (such as Hg concentrations; Fig. 5)
that hinder the development of aquatic inverte-
brates. The few semiterrestrial Chironomidae
and Oribatida moss mites developed in a terres-
trial environment. Boggy sediments provided
suitable conditions for hygrophilous Staphylin-
idae beetles and Psychodidae (Diptera) larvae,
which fed on dead organic matter (Koch 1989;
Ooesterbroek 2006). The archaeobotanical re-
search shows that peaty and strongly burnt plant
fragments were most abundant in the mulch
layer and biogenic sediments in the top part of
the SK-1 profile. Remains of moss of the genus
Drepanocladus were identified there, these be-
ing found, according to Tobolski (2000),
inriver valley mires, wet meadows and on
the banks of water bodies. The location of
the moss sample (southern wall of a building
dating to the 11th century), suggests that
the voids between the wooden structures were
filled with this material to seal and insulate
the buildings. The moist nature of the habitat is
also confirmed by other fragments of plants
found in the wall of the excavation, i.e. Calla
palustris, Stellaria uliginosa, Calystegia se-
pium, Cyperus fuscus, Lycopus europaeus, Ra-
nunculus sceleratus and Typha sp. (Sady-
-Bugajska 2021). However, due to the strong
human impact of study area, it can be assumed
that some of the remains were redeposited.

The literature review shows that biogenic
layers with a 40-60% admixture of organic mat-
ter are usually 30-40 cm thick in this type
of habitat (Zurek 1993; Jozwiak, Solovey
2019). However, in the studied profiles, the bi-
ogenic sediments are ten times thicker. The rea-
son for this could be: a clearly weaker river cur-
rent and heavy marshing due to the falling water
table in the Oder River valley. According to
Borowka and Wolny (2011), these conditions
are associated with, among other things,
the gradual rise in the sea level and lowering
of land in the vicinity of Szczecin (in the range
of 1 to 2 mm per year) as a result of isostatic
movements of the earth's crust. In addition,
the slow-flowing waters in the anastomosing
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riverbed were superimposed on increased denu-
dation processes and the washing out of mineral
material by underground waters seeping from
Castle Hill. As a result, in the lower section
of the Oder River, limnic-bog sediments rich
in mineral admixture accumulated, constantly
growing upwards. Research by Jasnowski
(1962) and Duda (1999) shows that, in the vi-
cinity of Szczecin, these sediments often exceed
5 m thick (and up to 10 m). Such sediment ac-
cumulation conditions in the Lower Oder River
valley have probably existed for 4 000 years and
record the functioning of an anastomosing river
system. According to Duda and Borowka
(2007), the intense development of reed vegeta-
tion was responsible for stabilising the Oder
channel and preventing its horizontal move-
ment. This is also evidenced by the TOC/N in-
dex values, which are usually in the 15 to 20
range. With reference to the studies of Meyers
and Teranes (2001), it can therefore be assumed
that the organic matter in the profiles comes
mainly from partially decomposed vascular
plants, and to a lesser extent from compounds
produced by phytoplankton in the lake. This is
also confirmed by the results of archaeobotani-
cal research, and more specifically the domi-
nance of herbaceous plants (accounting for
as much as 80% of all identified taxa) — mainly
those growing wild on the banks of water bodies
and wet meadows. Nuphar lutea and Cladium
mariscus were the only typically aquatic species
found among the remains in the profiles (Sady-
-Bugajska 2021).

Biogenic sediments, which dominate in the
studied profiles, also have two to three times
higher concentrations of C, N, S, Ca and Na
than do series of mineral sediments and detritus-
clay gyttja. A relatively uniform, but not very
high share of organic matter (around 50-65%)
classifies the sediments as poorly silted accord-
ing to Okruszko (1976). It should be empha-
sised, however, that this term does not refer to
the most common grain size of the mineral frac-
tion, whose supply is associated with slope pro-
cesses on the eastern slopes of Castle Hill
(Fig. 2C). The Na/K ratios close to 1.0 and
the more than ten-fold advantage of Ca over Mg
prove that the early medieval biogenic sedi-
ments accumulated under conditions in which
denudation was more chemical than mechanical
and relatively high decalcitation of glacial
and fluvioglacial formations was building the
nearby plateau. The above-mentioned elements
occur in similar orders of magnitude in water
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sediments in other parts of the Lower Oder
River valley (Lis, Pasieczna 1998) and in
the bottom sediments of Lake Dabie (Boréwka
2001).

The increased chemical denudation of
the eastern slopes of Castle Hill may also have
been caused by the mosaic system of surface
sediments, consisting of fluvioglacial and gla-
cial sand and gravel soils, boulder clays of
the moraine plateau, and sand and gravel soils
of higher terrace levels of the Oder Lagoon
Plain (Malinowski, Watycha 1958). The high
degree of soil moisture and the migration of dis-
solved compounds also depended on the incli-
nation of the slopes, which often exceed 3°
(Fig. 2B). However, it should be remembered
that, in the examined series of rich organic lay-
ers, the relatively small amount of peaty plant
remains, in combination with the predominance
of highly mineralized fragments with numerous
charcoals, nonetheless provide evidence of ma-
jor water table fluctuations and limited fossili-
sation of organic matter. It was also a period
of clear changes in Cu and Zn concentrations,
i.e. sulphophilic metals whose geochemical cir-
culation in a bog environment depends on
the possibility of bioaccumulation (Pawlowski
et al. 2015) and the dynamics of oxidation—re-
duction conditions (Kittel et al. 2020).

Bearing in mind the reasons for the bio-
genic sediments relatively high enrichment
in CaCOs described above, the role of environ-
mental alkalinity as one of the key ecological
determinants of crop cultivation in the early
Middle Ages is interesting (Tobolski 2008).
Fragments of crop plants accounted for only
3 t0 9% of the number of isolated and identified
remains of individual samples taken from de-
posits below the wooden structure, with a rela-
tively rich species composition (including: Trit-
icum, Secale, Panicum, Hordeum, Humulus, Li-
num, Cannabis). According to Rembisz et al.
(2009), the coexistence of the above-mentioned
cereal grains may suggest slash-and-burn agri-
culture near the settlement. Among herbaceous
plant species, however, common weeds of ce-
real crops dominated — although weed species
such as Galium sp. that have higher soil require-
ments were relatively common (Sady-Bugajska
2021). Archaeobotanical materials from medie-
val Elblag published by Latatowa et al. (1998)
show that, calcium-carbonate-rich soils could
limit cultivation on the large areas.

In addition, for the studied sediments from
the Podzamcze area in Szczecin, CaCOs and Ca
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were moderately strongly correlated with P
(Pearson correlation coefficient r is 0.6 and
0.63, respectively). According to Woszczyk
(2011), this may occur in the conditions of con-
tinuously high calcite supersaturation of waters
in the accumulation reservoir, and the precipita-
tion of CaCOs itself is conducive to biogenic
phosphorus being removed from waters
and binding in sediments. In addition, in the up-
per series of biogenic layers, chemical denuda-
tion in the catchment was recorded to have de-
creased in intensity twice (depths of 165-
—160 cm and 100-80 cm in the GZ Il geochem-
ical horizon). Rapid drops in Ca concentration
(even of the order of 37 mg/g d.w.) are accom-
panied by a higher share of autochthonous or-
ganic matter in sediments (TOC/N values in
the range 22-37). These changes also corre-
spond to clear decreases in the concentration
of biogenic substances (P and N), thus confirm-
ing the definitely lower biological productivity
of the habitat (Fig. 5). Comparing the results
of the P content in the studied geological for-
mations with other archaeological sites in north-
ern Poland (e.g. Rembisz et al. 2009; Swicta-
-Musznicka, Latalowa 2016), it appears that
the Podzamcze area in early Szczecin was very
heavily used. The highest recorded values
of this element in 80% of samples of SK-1 and
SK-3 profiles exceeded 10 mg/g d.w., and the
maximum concentration slightly exceeded
24 mg/g d.w. These geochemical properties
may therefore be the result of the presence
of sources of biogenic elements in the research
layers in the form of post-consumer remains
of animals, as well as the presence of their ex-
crement and of wild and cultivated plants on
the surface. Unfortunately, the lack of remains
of Cladocera and aquatic Chironomidae pre-
vented a more accurate reconstruction of the ac-
cumulation environment’s trophic conditions
prevailing trophic conditions.

However, the decrease in concentration of
biophilic elements (C, N, S and P) was clearest
—and the share of non-carbonate mineral matter
greatest (even exceeding 80%) — in the GZ Il
geochemical horizon. This is quite a thick series
(about 100 cm) of limnic sediments (probably
related to shallow water bodies) composed of
fragmented parts of plants and animals (so-
called Limus detrituosus — Ld in brief) and char-
acterised by low TOC/N values (even below
10) and the lowest average concentrations
of most metals except Fe (of the order 4.1-
—-8.9 mg/g d.w.). The section of sediments in
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question also has the highest and most uniform
catchment erosion index values (Na+K+Mg/Ca
ranges from 0.25 to 0.35) with a significant de-
terioration of oxygen conditions in the periodic
moistland (the Fe/Mn index reaches maximum
values of 42-56). In the bottom of these sedi-
ments (320 cm deep), apart from numerous
char- coals, the single highest concentrations of
P (24.3 mg/g d.w.) and Zn (176 ug/g d.w.) were
recorded, these being elements with strong bio-
accumulation properties (Kabata-Pendias 1979;
Konecka-Betley, Okolowicz 1998). In addition,
the decrease in share of organic matter (to
barely a few percent) and the value of geochem-
ical indicators such as Na/K and Ca/Mg are
probably associated with a initiation of surficial
sheet wash processes (maybe as result phase of
deforestation areas around Castle Hill). Based
on the lowest share of organic carbon in the en-
tire profile (0.3-2.2%), it can be assumed that
the erosion troughs that developed at that time
intersected the accumulation horizon of
the overlying soils. This is also accompanied by
a slight decalcification of sediments (CaCOs
drops below 8%), probably due to the supplied
mineral matter being washed out by streams of
periodic waters. The record of increased me-
chanical denudation processes is also pre-
ceded by Ca and Cu concentrations increasing
and then sharply decreasing. This may be due to
recirculation of the aforementioned metals be-
ing inhibited by changes in the intensity of
ground runoff (Boréwka 1994) or acidification
of the soil cover in the habitat catchment (Sapek
et al. 1991).

With reference to research results for pot-
tery found in excavation 1 (Nierychlewska,
Bartczak 2021) and the existing knowledge on
the early development of the settlement,
consisting of a stronghold on Castle Hill
and a neighbouring settlement on a low terrace
of the Oder River (Leciejewicz, Wieczorkowski
1983), the geochemically recorded possible de-
forestation phase can most likely be attributed
to the 8th century AD. This period is clearly rec-
orded in the analysis results regarding the geo-
chemistry (Borowka 1994; Korzeniowski et al.
2020), sedimentology (Siedlik, Boréwka 2019;
Okupny et al. 2020) and palynology (Madeja
2012; Jurochnik, Nalepka 2013; Bloom 2015;
Okuniewska-Nowaczyk 2021) of limnic sedi-
ments of western Poland studied to date.
The slash-and-burn economy of the time and
the heavy exploitation of wood for construction
contributed to rapid deforestation. As a result,
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the biogenic sediments record, for example, de-
creased percentage share of tree pollen, changes
in the proportions of the pollens of many plants
(e.g. Carpinus betulus, Fagus sylvatica and Al-
nus) and an increased proportion of mineral
matter due to the intensification of denudation
and erosion processes in individual lake catch-
ments. In this context, enrichment in trace ele-
ments and phosphorus of research sediments
in relation to the local geochemical background
indicates strong human impact. It is the creation
at the deforested areas of meadows and the de-
velopment of ruderal communities that are
best illustrated by the results of sedimentolo-
gical and geochemical analysis (Szal et al.
2013/2015).

From the point of view of heavy-metal
contamination of the examined sediments,
it should be emphasised that the average con-
centration of Zn is several times higher than
that of Cu. Furthermore, these metals show
the most dynamic changes in content, some-
times of even 100 pg/g d.w. between two adja-
cent samples (Fig. 5). In the case of Zn, aver-
age concentrations are highest in biogenic
layers from the GZ | geochemical horizon (i.e.,
113 pg/g d.w.), while average Cu concentra-
tions are highest (25.3 pg/g d.w.) in sediments
within the GZ Il geochemical horizon. These
changes, in conjuntion with the Pb concentra-
tion in all tested samples having been below
the level of quantification, should be explained
by differences in the durability of bonding
by deposits and by resistance to corrosion. Re-
gardless of this, the heavy-metal concentrations
are several times lower than those found in me-
dieval strata from the Krakow area (see: Wardas
et al. 2009; Wardas-Lason et al. 2010; 2013/
2015). According to the criteria for classifying
water sediments based on selected geochemi-
cal indicators by Bojakowska and Sokotowska
(1998), in terms of Zn, all samples from Pod-
zamcze in Szczecin exceed the geochemical
background but are in the first purity class. For
Cu, all tested samples also exceed geochemical
background, but only 30% of the number
of samples meet the first purity class criterion.
The remaining samples, mainly representing bi-
ogenic layers from the SK-1 section, are classi-
fied as the second purity class. However, these
results and the relationship between metals
in the migration series differ from those of con-
temporary water sediments accumulated in
the estuary section of the Oder River valley (Pi-
otrowski 2007). In the case of Hg, the maximum
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concentration found in research sediments are
very high, because for 47% of samples they ex-
ceed the value of 70 pg/kg d.w. Other results
of Hg concentration don’t exceed the level
of 50 ng/kg d.w. (Fig. 5) and are typical for
meadow environments in river valley, also in
urban areas of Poland (cf. Bojakowska, Soko-
lowska 2001; Pasieczna 2012).

In comparison with other biogenic sedi-
ments from the Polish Lowland (cf. Borowka
1992; Borowka et al. 1999a; Latatowa 1999a;
Latatowa, Borowka 2006; Owsianny et al.
2011; Apolinarska et al. 2012; Okupny et al.
2016; Korzeniowski et al. 2020; Adamek et al.
2021) several times higher Na concentration
was documented in the research profiles from
Szczecin. For 80% of the tested samples,
the concentrations of this metal doesn’t fall be-
low 2 mg/g d.w., and the maximum results are
in the range of 3-4.5 mg/g d.w. These results
are typical of biogenic sediments accumulated
in lakes periodically supplied with saline water
and increase frequency and height of sea
storm surges (Wojciechowski 1987; Rotnicki
et al. 1999; Tobolski et al. 1999; Boréwka et al.
1999b; Bordéwka, Wolny 2011; Strzelecka,
Wrobel 2021). These observations are con-
firmed by the results of modern sea level moni-
toring in the Swinoujscie-Widuchowa transect
(Fig. 1C), which confirm a stronger response of
the water level to the influence of the sea water
than to the flood wave of the River Oder
(Wisniewski et al. 2005).

On the other hand, the content of sulphur
in sediments from Podzamcze in Szczecin is not
too high, because these results don’t even
exceed 1%. In the case of Lakes Sarb-
sko and Jamno, the content of S in bottom sedi-
ments is three times higher. Woszczyk and
Betchel (2008) and Bieniek et al. (2013) explain
this situation intensified processes of bacterial
reduction of sulphates in conditions of signifi-
cant concentration of SO4* which are typical for
coastal environments. Moreover, in the ana-
lysed samples from Szczecin, the ratio of TOC
to S variable in a very wide range from 16.8 to
136, which may also indicate significant, peri-
odic changes in water salinity in the estuary sec-
tion of the Oder River. However, the TOC/S ra-
tios in the research samples never dropped
to level around 2.8, which Berner (1984) con-
siders appropriate for the marine environment.
Therefore, the changes in Na concentration pre-
sented above may also result from the overlap-
ping of the human impacts, which was growing
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during the Middle Ages, with relatively dy-
namic hydroclimatic fluctuations in the lower
Oder River valley. This is confirmed by numer-
ous fragments of sodium and potassium glasses
(e.g. vessels, beads, lumps of clay covered with
glassy infiltrates) found in medieval layers
in Szczecin (Dekéwna 1983).

Conclusions

The first palaeogeographical studies of early
medieval organic deposits allowed, on the one
hand, a reconstruction of the environmental
conditions of the Podzamcze area in Szczecin,
and on the other hand, an assessment of human
environmental impact in the lower Oder River
valley in the initial development phase of one
of the most important urban centres of Western
Pomerania. Considered in the context of how
the local community lived and was organised,
chemical compositions are recorded in three
separate series of biogenic sediments that accu-
mulated under conditions of supply by shallow
groundwater.

The most legible record relates to a defor-
estation phase on the moraine plateau. Probably
in the 8th century AD the destruction of oak
and beech forests in the vicinity of the Old
Town in Szczecin led to slope processes being
activated and increased supply of lithophilic el-
ements to the periodic moistland habitat. This
phase was preceded by an increase in concen-
trations of biogenic substances leached from
the catchment’s soil cover and eventually led
to a short-term inhibition of Ca and Cu recircu-
lation processes. In this case, both the studied
habitat’s close proximity to steep slopes of mo-
raine Castle Hill and the relatively small area
of wetlands and low moor bogs within a low ter-
race of the Oder River valley turned out to be
crucial.

Mentionworthy among the difficulties
of the research are the limitations on palaeoeco-
logical interpretation imposed by the lack or
paucity of species composition of the subfossil
remains of Cladocera and Chironomidae. This
was the result of unfavourable habitat condi-
tions, which changed due to natural factors (e.g.
hydroclimatic conditions, intensity of denuda-
tion processes) and depending on how individ-
ual parts of the urban centre were used and input
to environment toxic metals, mainly Hg. Fur-
ther research should therefore determine
the role that the long-term dry episodes of
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the medieval climatic anomaly played in water
table fluctuations in the Lower Oder River val-

ley.

Acknowledgements

We greatly appreciated the detailed reviews
and constructive comments of Reviewers:
Dorota Nalepka and Andrzej Janowski. The stu-
dies were financially supported by the Institute
of Marine and Environmental Sciences Uni-
versity of Szczecin through statutory funds
(no. 503-0013-230000-01, task 5). We express
our gratitude also to ,,Pod Zamkiem. Neo-Plan”
investor and the West Pomeranian Voivodeship
Conservator of Monuments in Szczecin for per-
mission to conduct our investigations (number
decision 1304/2020).

References

Adamek A., Mareczka P., Jucha P., Musielak
S., Okupny D. 2021. Geochemical analy-
ses of recent sediments from Lake Mo-
rzycko against selected physiographic pa-
rameters of the Stubia River catchment
(Western Poland). Acta Geographica Lo-
dziensia 111: 109-122.

Andersen T. Cranston P.S., Epler J.H. 2013.
The larvae of Chironomidae (Diptera) of
the Holarctic region — Keys and diagnoses.
Insect Systematics & Evolution, Supple-
ment 66: 189-385.

Antczak-Orlewska O., Okupny D., Kruk A.,
Bailey R.I., Pt6ciennik M., Sikora J., Kra-
piec M., Kittel P. 2022. The spatial and
temporal reconstruction of a medieval
moat ecosystem. Scientific Reports 12:
20679.

Antczak-Orlewska O., Okupny D., Pawlow-
ski D., Kotrys B., Krapiec M., Wacnik A.,
Szmanda J.B., Szychowicz-Krgpiec E.,
Kittel P. in press. The environmental hi-
story of the oxbow in the Lucigza River
valley — Study on the specific microclimate
during Allered and Younger Dryas in cen-
tral Poland. Quaternary International.

Apolinarska K., Woszczyk M., Obremska M.
2012. Late Weichselian and Holocene pa-



How well multi-indicator paleoenvironmental studies meet the needs of research on settlements...

laeoenvironmental changes in northern Po-
land based on the Lake Skrzynka record.
Boreas 41(2): 292-307.

Badura M., Latatlowa M., Jarosinska J., Swiq-
ta J. 2004. RoS$liny uzytkowe w $rednio-
wiecznych i nowozytnych materiatach ar-
cheobotanicznych z miast péinocnej Polski
(Kotobrzeg, Gdansk, Elblag) In: R. Czaja,
G. Nawrolska, M. Rebkowski, J. Tandecki
(ed) Archeologia et Historia Urbana. El-
blag: 277-286.

Badura M., Litynska-Zajac M., Makohonien-
ko M. 2022. Archaeobotanical Studies in
Poland — Historical Overview, Achieve-
ments, and Future Perspectives. Acta So-
cietatis Botanicorum Poloniae 91: 916.

Berner R.A. 1984. Sedimentary pyrite forma-
tion: An update. Geochimica et Cosmochi-
mica Acta 48(4): 605-615.

Bieniek B., Borowka R.K., Tomkowiak J.,
Strzelecka A. 2013. Stratygraficzna zmien-
no$¢ litologii i sktadu chemicznego osa-
dow wypelniajacych misg¢ jeziora Jamno
na podstawie profilu JS-20. Geologia
i geomorfologia 10: 27-37.

Bloom K. 2015. Wptyw czynnikow naturalnych
i gospodarki pradziejowej na sukcesje ro-
slinnosci w rejonie Jeziora Raczego na
Ziemi Pyrzyckiej w holocenie. Studium
paleoekologiczne. PhD Thesis, University
of Gdansk, Gdansk.

Bojakowska I., Sokotowska G. 1997. Akumula-
cja pierwiastkow $ladowych w osadach je-
ziornych w zaleznosci od strefy ich sedy-
mentacji. Przeglgd Geologiczny 45(5):
505-508.

Bojakowska I., Sokotowska G., 1998. Geoche-
miczne klasy czystosci osadow wodnych.
Przeglgd Geologiczny 46(1): 49-54.

Bojakowska 1., Sokotowska G. 2001. Rte¢ we
wspoélczesnych osadach rzek na obszarze
Polski. Zeszyty Naukowe Politechniki Slg-
skiej, Seria Gornictwo 248: 21-26.

Borowka R.K. 1990. Denudation process inten-
sity in Vistulian till plains in relations to
prehistoric settlement and human activity,
Leszna region, Middle Great Poland. Qua-
estiones Geographicae 13/14: 5-18.

Boréwka R.K. 1992. Przebieg i rozmiary denu-
dacji w obrebie srodwysoczyznowych ba-
senéw sedymentacyjnych podczas poz-
nego vistulianu i holocenu. Wyd. Uniwer-
sytetu im. Adama Mickiewicza, seria Geo-
grafia 54.

113

Borowka R.K. 1994. Denudation processes du-
ring the Holocene conditioned by natural
and man-made factors. Roczniki Akademii
Rolniczej w Poznaniu 266(14): 27-37.

Borowka R.K. 2001. Stratygraficzna zmienno$¢
sktadu chemicznego osadow wypelniaja-
cych Zalew Szczecinski i jezioro Dabie.
Geologia i geomorfologia 4: 9-24.

Borowka R. 2007. Geochemiczne badania osa-
dow jeziornych strefy umiarkowane;j. Stu-
dia Limnologica et Telmatologica 1(1): 33-
-42.

Boréwka R., Belczynska A., Tomkowiak J.
1999a. Cechy morfologiczne i wybrane
wilasciwosci chemiczne gleb kopalnych
rozwinigtych na piaskach eolicznych
w okolicach Swigtoujécia i Grodna. In:
R.K. Boréwka, Z. Mtynarczyk, A. Wojcie-
chowski (ed) Ewolucja geosystemow nad-
morskich poludniowego Baltyku. Bogucki
Wyd. Nauk., Poznan-Szczecin: 37-42.

Borowka R., Witkowski A., Tomkowiak J.,
Olas M., Gusar K., Liszkiewicz E. 1999b.
Stratygraficzna i przestrzenna zmienno$¢
litologiczna i geochemiczna osadéw wy-
pehiajacych Zalew Szczecinski i baseny
przylegte. In: R.K. Borowka, Z. Mtynar-
czyk, A.Wojciechowski (ed) Ewolucja
geosystemow nadmorskich potudniowego
Battyku. Bogucki Wyd. Nauk., Poznan-
Szczecin: 55-62.

Boréwka R.K., Osadczuk A., Witkowski A.,
Wawrzyniak-Wydrowska B., Duda T.
2005. Late Glacial and Holocene deposi-
tional history in the eastern part of the
Szczecin Lagoon (Great Lagoon) basin —
— NW Poland. Quaternary International
130: 87-96.

Boréwka R.K., Wolny B. 2011. Prdba rekon-
strukcji topografii Starego Miasta w Szcze-
cinie. In: A. Kowalska, M. Dworaczyk
z udziatem R.K. Borowki i B. Wolnego
(ed) Szczecin  wczesnosredniowieczny.
Nadodrzanskie centrum. Origines Polono-
rum tom V. Fundacja na rzecz Nauki Pol-
skiej, Instytut Archeologii i Etnologii
PAN, Wyd. TRIO, Warszawa: 28-39.

Branski J., Banasik J. 1996. Sediment yields
and denudation rates in Poland. Wyd.
International Association of Hydrological
Sciences, 236.

Brooks S.J., Langdon P.G., Heiri O. 2007. The
Identification and Use of Palaearctic Chi-
ronomidae Larvae in Palaeoecology. QRA



Daniel Okupny et al.

Technical Guide No. 10. Quaternary Rese-
arch Association, London.

Chambers F.M., Beilman D.W., Yu Z. 2010/11.
Methods for determining peat humification
and for quantifying peat bulk density, or-
ganic matter and carbon content for palaeo-
studies of climate and peatland carbon dy-
namics. Mires and Peat 7: 1-10.

Cnotliwy E., Leciejewicz L., Losinski W. (ed)
1983. Szczecin we wczesnym Sredniowie-
czu. Wzgorze Zamkowe. Polska Akademia
Nauk, Instytut Historii Kultury Material-
nej. Zaktad Narodowy Imienia Ossolin-
skich, Wroctaw.

Cybul P., Okupny D. 2021. Lithology and che-
mical composition of a Neoholocene pa-
lacochannel infill within the Bialka Ri-
ver valley, Krakow-Czgstochowa Upland.
Acta Geographica Lodziensia 111: 109-
-122.

Czerwinski S., Guzowski P., Karpinska-Kota-
czek M., Lamentowicz M., Galka M., Ko-
taczek P., lzdebski A., Poniat R. 2019.
Znaczenie wspolnych badan historycznych
i paleoekologicznych nad wptywem czto-
wieka na srodowisko. Przyktad ze stanowi-
ska Kazanie we wschodniej Wielkopolsce.
Studia Geohistorica 7: 65-74.

Dekowna M. 1983. Uwagi na temat szkiet. In:
E. Cnotliwy, L. Leciejewicz, W. Losinski
(ed) Szczecin we wezesnym sredniowieczu.
Wzgorze Zamkowe. Polska Akademia
Nauk, Instytut Historii Kultury Material-
nej. Zaktad Narodowy Imienia Ossolin-
skich, Wroctaw: 267-271.

Dobrowolski R., Dzienkowski T., Kulesza P.,
Lojek J., Michczynska D.J., Pidek L.A.,
2013/2015. Naturalne i antropogeniczne
zmiany warunkow $rodowiska we wcze-
snym $redniowieczu w rejonie Chetma w
zapisie osadow biogenicznych stanowiska
Bezedna. Prace i materialy Muzeum Ar-
cheologicznego i Etnograficznego w L.odzi,
Seria Archeologiczna 46: 37-54.

Dorfler W., Feeser I., Hildebrandt-Radke 1.,
Rzodkiewicz M. in press. Environment and
settlement — A multiproxy record of holo-
cene palaeoenvironmental development
from Lake Wonies¢, Greater Poland. Vege-
tation History and Archaeobotany.

Duda T. 1999. Osady fitogeniczne w dolinie
dolnej Odry: miazszos¢, wyksztalcenie, li-
tologia i wiek. In: R.K. Boréwka, Z. Mty-
narczyk, A. Wojciechowski (ed) Bogucki
Wyd. Nauk. Poznan-Szczecin: 73-78.

114

Duda T., Boroéwka R. 2007. Zmiany w krajobra-
zie doliny dolnej Odry na tle rozwoju pa-
leogeograficznego regionu. Prace Komisji
Krajobrazu Kulturowego 7: 210-218.

Dworaczyk M., Kowalska A.B., Rulewicz M.
2003. Szczecin we wezesnym Sredniowie-
czu. In: W. Losinski (ed) Wschodnia czesé
suburbium. Instytut Archeologii i Etnogra-
fii, Szczecin: 1-20.

Foltyn E., Waga J.M., Fajer M., Magiera T,
Michcezynski A., Chrost L. 2018. Starsze
fazy osadnictwa na wielokulturowym, wy-
dmowym stanowisku Miasteczko Slaskie 2
na tle uwarunkowan §rodowiska i kierun-
kéw rozwoju lokalnej gospodarki (Obnize-
nie Malej Panwi). Acta Geographica Lo-
dziensia 107: 137-153.

Forysiak J., Borowka R.K., Kloss M., Obrem-
ska M., Okupny D., Zurek S. 2012. Geolo-
giczna i geomorfologiczna charakterystyka
torfowiska Rabien oraz wstepne wyniki
badan osaddéw biogenicznych. Acta Geo-
graphica Lodziensia 100: 65-76.

Frey D.G. 1986. Cladocera analysis. In:
B.E. Berglund (ed) Handbook of Holocene
palaeoecology and palaeohydrology. John
Wiley and Sons Ltd.: 667-692.

Galas J., Jaeger M. 2016. Przestrzenne zrdzni-
cowanie wskaznikéw litologicznych i geo-
chemicznych w obrebie reliktow domo-
stwa na stanowisku archeologicznym kul-
tury Vatya z epoki brazu w Kakucs-Turjan
(Wegry). Landform Analysis 31: 61-70.

Gilewska S. 1986. Podziat Polski na jednostki
geomorfologiczne. Przeglqd Geograficzny
58(1-2): 15-40.

Heiri O., Lotter A.F., Gerry Lemcke G. 2001.
Loss on ignition as a method for estimating
organic and carbonate content in sedi-
ments: reproducibility and comparability
of results. Journal of Paleolimnology 25:
101-110.

Hildebrandt-Radke I. 2007. Geoarcheologiczne
aspekty badan pradziejowych 1 historycz-
nych zespoldéw osadniczych. In: M. Mako-
honienko, D. Makowiecki, Z. Kurnatow-
ska (ed) Srodowisko-Czlowiek-Cywiliza-
cja. Studia interdyscyplinarne nad srodo-
wiskiem i kulturg w Polsce. Bogucki Wyd.
Nauk., Poznan: 57-70.

Hildebrandt-Radke 1. 2011. Gtéwne etapy za-
siedlania i rozbudowy grodziska w Boni-
kowie (Wielkopolska) w $wietle badan li-
tologicznych i geochemicznych. Landform
Analysis 16: 77-80.



How well multi-indicator paleoenvironmental studies meet the needs of research on settlements...

Janowski A. 2021. Osadnictwo wczesno- i poz-
nosredniowieczne na terenie Puszczy Bu-
kowej. In: P. Migdalski (ed) Puszcza Bu-
kowa. Miedzy kulturg a naturq. Czesé I
Wyd. Chronicon, Wroctaw: 131-162.

Jasnowski M. 1962. Budowa i roslinnos$¢ torfo-
wisk Pomorza Zachodniego. Szczecinskie
Towarzystwo Naukowe, Wydzial Nauk
Rolniczo-Przyrodniczych, Szczecin.

Jozwiak K., Solovey T. 2019. Rola wod pod-
ziemnych w zasilaniu mokradel w roznych
warunkach geomorfologicznych. Przeglgd
Geologiczny 67(11): 906-913.

Jurochnik A., Nalepka D. 2013. Late Glacial
and Holocene vegetation in Weglin (Lub-
sza Plain, southwest Poland) on the basis
of pollen analysis. Acta Palaeobotanica
53(2): 191-233.

Kabata-Pendias A. 1979. Geochemia pierwiast-
kow sladowych w glebach. Przeglgd Geo-
logiczny 27(10): 543-546.

Kaniecki A. 2013. Wplyw antropopresji na
przemiany srodowiskowe w dolinie Warty
w Poznaniu. Landform Analysis 24: 23-34.

Karczewski A. 2008. Geomorfologia Pojezierza
Mysliborskiego 1 Niziny Szczecinskiej.
Mapa w skali 1: 200 000, Instytut Paleo-
geografii i Geoekologii, Uniwersytet
im. Adama Mickiewicza, Poznan.

Kittel P. 2012. Wplyw georéznorodnosci
zlewni Neru (Polska srodkowa) na lokali-
zacje osadnictwa pradziejowego. Land-
form Analysis 19: 49-66.

Kittel P., Muzolf B., Pt6ciennik M., Elias S.,
Brooks S.J., Lutynska M., Pawlowski D.,
Stachowicz-Rybka R., Wacnik A,
Okupny D., Gtab Z., Mueller-Bieniek A.
2014. A multi-proxy reconstruction from
Lutomiersk-Koziowki, Central Poland, in
the context of early modern hemp and flax
processing. Journal of Archaeological
Science 50: 318-337.

Kittel P., Sikora J., Antczak O., Brooks S.J.,
Elias S., Krapiec M., Luoto T.P., Bo-
rowka R.K., Okupny D., Pawtowski D.,
Pl6ciennik M., Rzodkiewicz M., Stacho-
wicz-Rybka R., Wacnik A. 2018. The pa-
laeoecological development of the Late
Medieval moat — Multiproxy research at
Rozprza, Central Poland. Quaternary In-
ternational 482: 131-156.

Kittel P., Mazurkevich A., Alexandrovskiy A.,
Dolbunova E., Krupski M., Szmanda J.,
Stachowicz-Rybka R., Cywa K., Mrocz-
kowska A., Okupny D. 2020. Lacustrine,

115

fluvial and slope deposits in the wetland
shore area in Serteya, Western Russia. Acta
Geographica Lodziensia 111: 103-124.

Kittel P., Mazurkevich A., Wieckowska-
-Liith M., Pawlowski D., Dolbunova E.,
Piociennik M., Gauthier E., Krapiec M.,
Maigrot Y., Danger M., Mroczkowska A.,
Okupny D., Szmanda J., Thiebaut E., Sto-
winski M. 2021. On the border between
land and water: The environmental condi-
tions of the Neolithic occupation from 4.3
until 1.6 ka BC at Serteya, Western Russia.
Geoarchaeology — An International Jour-
nal 36(2): 173-202.

Kittel P., Mazurkevich A., Gauthier E., Kaza-
kov E., Kubitskiy Y., Rzodkiewicz M.,
Mroczkowska A., Okupny D., Szmanda J.,
Dolbunova E. in press. A deep history
within a small wetland: 13 000 years of hu-
man-environment relations on the East Eu-
ropean Plain. Antiquity.

Koch K. 1989. Die Kifer Mitteleuropas. Okolo-
gie, 1. Goecke & Evers, Krefeld.

Kochanowska R., Rygielski T. 2001. Mokradta
w krajobrazie mtodoglacjalnym Pomorza
Zachodniego. Woda-Srodowisko-Obszary
Wiejskie 1(3): 69-82.

Konecka-Betley K., Okotowicz M. 1998. Pho-
sphorus — as indicator of the man activity
in Pleistocene. Roczniki Gleboznawcze
49(1/2): 87-94.

Korzeniowski A., Okupny D., Michczynski A.,
Stawinska J., Boréwka R.K. 2020. Litho-
logy and geochemistry of the Late Glacial
and Holocene sediments from Gostyn Lake
(western Pomerania, My$liborz Lakeland).
Acta Geographica Lodziensia 110: 149-
-168.

Kosinski K., Lipka K., Mozdzen M. 1994. Kon-
centracja metali cigzkich w torfach. Ze-
szyty Naukowe Akademii Rolniczej w Kra-
kowie, Inzynieria Srodowiska 291(15):
116-125.

Kowalska A.B. (ed) 2019. Civitas et Urbs.
Szczecin od $redniowiecza do wspolcze-
snosci. Kwartat I. Tom I. Muzeum Naro-
dowe w Szczecinie, Szczecin.

Kowalska A.B., Dworaczyk M. (ed). 2011.
Szczecin wezesnosredniowieczny. Nadod-
rzanskie centrum. Origines Polonorum
5:1-594.

Kwiatkowski A. 1971. Nieorganiczne sktadniki
torfu. Biuletyn Informacyjny Torf 4: 31-43.

Lamentowicz M. 2007. Paleoekologia torfo-
wisk — zrodto informacji o historii klimatu



Daniel Okupny et al.

i wplywie cztowieka na Srodowisko. Prze-
glgd Geologiczny 55(1/2): 1130-1135.
Lamentowicz M., Karpinska-Kotaczek M., Gu-
zowski P., Izdebski A., Czerwinski S.,
Marcisz K., Gatka M., Lucow D., Stowin-
ski M. 2019. Znaczenie wysokorozdziel-
czych wielowskaznikowych (multi-proxy)
badan paleoekologicznych dla geografii
historycznej i historii gospodarczej. Studia

Geohistorica 7: 30-55.

Latalowa M. 1994. Datowanie palinologiczne
i charakterystyka paleobotaniczna profilu
archeologicznego w Bolkowie koto Szcze-
cina. Folia Prahistorica Posnaniensia 6:
213-224.

Latatowa M. 1999a. Pyltek i szczatki makrosko-
powe roslin w warstwach kulturowych
wezesnosredniowiecznego portu w Woli-
nie. Polish Botanical Studies Guidebook
Series 23: 245-261.

Latatlowa M. 1999b. Zmiany hydrologiczne wy-
wolane przez czynnik klimatyczny i dzia-
talno$¢ cztowieka zapisane w torfowisku
Kotczewo i osadach dennych jeziora Ra-
czego. In: R.K. Boréwka, Z. Mtynarczyk,
A. Wojciechowski (ed) Ewolucja geosys-
temow nadmorskich potudniowego Bat-
tyku. Bogucki Wyd. Nauk., Poznan-Szcze-
cin: 99-103.

Latalowa M. 2007. Gospodarka cztowieka
w diagramach pytkowych. In: M. Makoho-
nienko, D. Makowiecki, Z. Kurnatowska
(ed) Studia interdyscyplinarne nad srodo-
wiskiem i kulturq cztowieka w Polsce. Sro-
dowisko-Cztowiek-Cywilizacja 1. Stowa-
rzyszenie Archeologii Srodowiskowej, Po-
znan: 171-187.

Latatowa M., Jarosinska J., Badura M. 1998. El-
blag sredniowieczny w $wietle dotychcza-
sowych materiatow archeobotanicznych.
Archeologia Polski 43(1/2): 147-166.

Latatlowa M. Borowka R.K. 2006. The Alle-
rod/Younger Dryas transition in Wolin Is-
land, northwest Poland, as reflected by pol-
len, macrofossils, and chemical content of
an organic layer separating two aeolian se-
ries. Vegetation History and Archaeobo-
tany 15: 321-331.

Latatowa M., Swieta-Musznicka J., Pedziszew-
ska A. 2009. Zrodta paleobotaniczne do re-
konstrukcji wezesnych etapow rozwoju
Gdanska. In: L. Domanska, P. Kittel, J. Fo-
rysiak (ed) Srodowiskowe uwarunkowania

116

lokalizacji osadnictwa. Srodowisko—Czto-
wiek—Cywilizacja, tom 2. Bogucki Wyd.
Nauk., Poznan: 175-185.

Leciejewicz L. 1962. Poczatki nadmorskich
miast na Pomorzu Zachodnim. Instytut Hi-
storii Kultury Materialnej Polskiej Akade-
mii Nauk. Wyd. Ossolineum, Wroctaw-
-Warszawa-Krakow.

Leciejewicz L., Wieczorkowski T. 1983. Wcze-
sne Sredniowiecze do czasu uksztattowania
si¢ miasta. In: G. Labuda, W. Filipowiak
(ed) Dzieje Szczecina |: Pradzieje Szcze-
cina. Warszawa-Poznan: 522-610.

Leipe T., Moros M., Katilainen A., Vallius H.,
Kabel K., Endler M., Kowalski N. 2013.
Mercury in Baltic Sea sediments — natural
background and anthropogenic  impact.
Chemie Der Erde — Geochemistry 73(3):
249-59.

Lis J., Pasieczna A. 1998. Atlas geochemiczny
aglomeracji szczecinskiej, cz. I, 1:200 000.
Wyd. Geologiczne, Warszawa.

Litynska-Zajac M., Wasylikowa K. 2005. Prze-
wodnik do badan archeobotanicznych. Va-
demecum Geobotanicum, Wyd. Sorus, Po-
znan.

Lajczak A., Zarychta R. 2020. Reconstruction
of the morphology and hydrography of
the centre of Krakow before the mid-13th
century. Geographia Polonica 93(1): 25-
-50.

Losinski W. 1972. Poczatki wczesno-srednio-
wiecznego osadnictwa grodowego w do-
rzeczu dolnej Parsety (VII-X/XI w.).
Wyd. Ossolineum, Wroctaw-Warszawa-
-Krakow-Gdansk.

Losinski W. 1996. Proba nowego spojrzenia na
dzieje wczesnosredniowiecznego Szcze-
cina. In: E. Wilgocki, P. Krajewski,
M. Dworaczyk, D. Koztowska (ed) 50 lat
archeologii polskiej na Pomorzu Zachod-
nim. Stowarzyszenie Naukowe Archeolo-
gow Polskich, oddziat w Szczecinie,
Szczecin: 131-152.

Losinski W. 1997. Rola kontaktow ze Skandy-
nawig W dziejach gospodarczych Stowian
nadbaltyckich. Przeglgd Archeologiczny
45: 73-86.

Maciak F., Liwski S. 1996. Cwiczenia z torfo-
znawstwa. Wyd. Szkoty Gtéwnej Gospo-
darstwa Wiejskiego, Warszawa.

Madeja J. 2012. Local Holocene vegetation
changes and settlement history based on
pollen analysis of Lake Kwiecko sedi-



How well multi-indicator paleoenvironmental studies meet the needs of research on settlements...

ments, West-Pomeranian Lake District,
NW Poland. Acta Palaeobotanica 52(1):
105-125.

Majorek M. 2017. Wiasciwos$ci gleby a zacho-
wanie zabytkoéw archeologicznych — przy-
czynek do dyskusji. Acta Universitatis Ni-
colai Copernici. Archeologia 35: 187-198.

Makohonienko M., Nalepka D. 2007. Palinolo-
gia w badaniach stanowisk archeologicz-
nych w Polsce. In: M. Makohonienko,
D. Makowiecki, Z. Kurnatowska (ed) Ba-
dania interdyscyplinarne nad Ssrodowi-
skiem i kulturg w Polsce. Srodowisko—
—Cztowiek—Cywilizacja, 1, Bogucki Wyd.
Nauk., Poznan: 189-209.

Makohonienko M., Pto6ciennik M., Papiernik P.,
Kittel P., Gatka M., Mroczkowska A.,
Apolinarska K., Okupny D., Panfil M., Ko-
trys B., Luoto T.P., Krapiec M., Tyszkow-
ski S., in press. Environmental changes du-
ring Mesolithic-Neolithic transition in
Kuyavia Lakeland, Central Poland. Qua-
ternary International.

Maksimow A. 1965. Torf i jego uzytkowanie w
rolnictwie. Panstwowe Wyd. Rolnicze
i Lesne. Warszawa.

Malinowski J., Watycha L. 1958. Przegladowa
Mapa Geologiczno-Inzynierska Polski
w skali 1: 300 000, arkusz Szczecin. Wyd.
Geologiczne, Warszawa.

Markowski S. 1980. Struktura i wtasciwosci po-
torfowych osadow jeziornych rozprze-
strzenionych na Pomorzu Zachodnim jako
podstawa ich rozpoznawania i klasyfikacji.
In: Kreda jeziorna i gytie. Polskie Towa-
rzystwo Przyjaciot Nauk o Ziemi. Gorzow-
-Zielona Gora: 44-55.

Meyers P.A., Teranes J.L. 2001. Sediment or-
ganic matter. In: W.M. Last, J.P. Smol (ed)
Tracking environmental change using lake
sediments. vol. 2: Physical and geochemi-
cal methods. Kluwer Academic Publishers,
Dordrecht: 239-269.

Milecka K. 2007. Mozliwo$ci oceny rozwoju
jezior w $wietle badan palinologicznych.
Studia Limnologica et Telmatologica 1(1):
61-66.

Moskal-del Hoyo M. 2021. Archeobotanika. In:
A. Kurzawska, I. Sobkowiak-Tabaka (ed)
Mikroprzeszios¢. Badania specjalistyczne
w archeologii. Wydziat Archeologii, Uni-
wersytet im. Adama Mickiewicza, Poznan:
31-64.

Mroczkowska A., Kittel P., Marcisz K., Dolbu-
nova E., Gauthier E., Lamentowicz M.,

117

Mazurkevich A., Obremska M., Ptocien-
nik M., Kramkowski M., Lucow D., Ku-
blitskiy Y., Stowinski M. 2021. Small pea-
tland with a big story: 600-year paleoeco-
logical and historical data from a kettle-
hole peatland in Western Russia. The Ho-
locene 31(11-12): 1761-1776.

Muzolf B., Kittel P., Ptéciennik M., Glab Z.,
Okupny D. 2013/2015. Wczesnonowo-
zytne plociennictwo w $wietle badan relik-
tow moczydta na stanowisku Lutomiersk-
Koziowki. Prace i Materialy Muzeum Ar-
cheologicznego i Etnograficznego w f.odzi,
Seria Archeologiczna 46: 187-210.

Nierychlewska A., Bartczak A. (ed) 2021.
Opracowanie wynikow analiz szczegoto-
wych z badan archeologicznych na terenie
stanowiska 48 (AZP 30-05/28), Szczecin-
-Podzamcze. Bydgoszcz-E.6dz.

Okruszko H. 1976. Zagadnienie degradacji tor-
fowisk na tle wlasciwosci fizycznych oraz
zyznosci torfu. Zeszyty Problemowe Poste-
pow Nauk Rolniczych 10: 37-72.

Okuniewska-Nowaczyk I. 2021. Historia srodo-
wiska przyrodniczego i kulturowego za-
chodniej Wielkopolski w §wietle badan pa-
linologicznych. Wyd. Instytutu Archeolo-
gii i Etnologii Polskiej Akademii Nauk,
Poznan.

Okupny D., Fortuniak K., Kloss M., Ziutkie-
wicz M., Forysiak J., Fortuniak A., Bed-
norz L., Pawlak W. 2016. Wstepna charak-
terystyka geologiczna i paleobotaniczna
mokradta w Kopytkowie na tle analizy
wspotczesnych warunkow wodnych i szaty
ro$linnej (dolina Biebrzy, NE Polska).
Acta Geographica Lodziensia 105: 149-
-162.

Okupny D., Boréwka R.K., Cedro D., Stawin-
ska J., Tomkowiak J., Michczynski A., Ko-
ztowska D., Kowalski K., Siedlik K. 2020.
Geochemistry of a sedimentary section at
the Wawelnica archaeological site, Szcze-
cin Hills (Western Pomerania). Acta Geo-
graphica Lodziensia 110: 169-186.

Oosterbroek P. 2006. The European families of
the Diptera. Identification, diagnosis, bio-
logy. KNNV Publishing, Utrecht.

Owsianny P.M., Nowaczyk B., Sobczynski T.
2011. Stratygraficzne zréznicowanie wy-
branych cech geochemicznych osadow
réwnin akumulacji biogenicznej przylega-
jacych do jezior Kuzniczek, Kuznik Matly
i Kuznik Duzy w Rezerwacie Przyrody
Kuznik. Landform Analysis 16: 139-147.



Daniel Okupny et al.

Pasieczna A. 2012. Rte¢ w glebach obszaréw
zurbanizowanych Polski. Przeglgd Geolo-
giczny 60(1): 46-58.

Pawtowski D. 2017. The usefulness of subfossil
Cladocera remains in Younger Dryas cli-
matic reconstructions in central Poland.
Acta Geologica Polonica 67: 567-584.

Pawlowski D., Milecka K., Kittel P., Wosz-
czyk M., Spychalski W. 2015. Palaeoeco-
logical record of natural changes and hu-
man impact in a small river valley in Cen-
tral Poland. Quaternary International 370:
12-28.

Perelman A. 1971. Geochemia krajobrazu.
Wyd. Nauk. PWN, Warszawa.

Piotrowski S. 2007. Zawartos¢ metali cigzkich
(Cu, Zn, Pb, Co, Cd, Hg) w wybranych ele-
mentach ekosystemu estuarium Odry.
Przeglgd Geologiczny 55(6): 493-497.

Piotrowski A., Hoc R. 2010. Warunki naturalne
rozwoju przestrzennego Szczecina. In:
P. Karnowski, A. Piotrowski (ed) Budowa
geologiczna, geologia naftowa, wody geo-
termalne i ochrona srodowiska bloku Go-
rzowa — Pojezierza Mysliborskiego. Mate-
riaty konferencyjne LXXX Zjazdu Nauko-
wego Polskiego Towarzystwa Geologicz-
nego, Szczecin 11-14 wrze$nia 2010 r.,
Panstwowy Instytut Geologiczny — Pan-
stwowy Instytut Badawczy, Szczecin:
33-36.

Pleskot K., Suchora M., Apolinarska K., Kota-
czek P. 2022. Responses of a shallow tem-
perate lake ecosystem to major late-Holo-
cene terrestrial vegetation shifts. The Holo-
cene 32(7): 1-13.

Plaza D., Forysiak J., Borowka R.K., Okup-
ny D., Marosik P., Obremska M., Mich-
czynska D.J. 2013/2015. Aktywno$¢ osad-
nicza grup mezolitycznych na obszarze
wydm w Aleksandrowie i jej zapis w osa-
dach przylegtego torfowiska Rabien.
Prace i Materialy Muzeum Archeologicz-
nego i Etnograficznego w £odzi, Seria Ar-
cheologiczna 46: 229-250.

Ptoskonka D. 2010. Réznice w wynikach analiz
uziarnienia przeprowadzonych roéznymi
metodami. Landform Analysis 12: 79-85.

Pl6ciennik M., Pawtowski D., Vilizzi L., Ant-
czak-Orlewska O. 2020a. From oxbow to
mire: Chironomidae and Cladocera as ha-
bitat palaeoindicators. Hydrobiologia 847:
3257-3275.

Plociennik M., Jakiel A., Forysiak J., Kittel P.,
Ptaza D.K., Okupny D., Pawlowski D.,

118

Obremska, M., Brooks S.J., Kotrys B., Lu-
oto T.P. 2021. Multi-proxy inferred hy-
droclimatic conditions at Beczkowice fen
(Central Poland); the influence of fluvial
processes and human activity in the Stone
Age. Acta Geographica Lodziensia 111:
135-157.

Ptociennik M., Mroczkowska A., Pawlow-
ski D., Wieckowska-Lith M., Kurzaw-
ska A., Rzodkiewicz M., Okupny D.,
Szmanda J., Mazurkevich A., Dolbu-
nova E., Luoto T.P., Kotrys B., Naza-
rova L., Syrykh L., Kragpiec M., Kittel P.
2022. Summer temperature drives the lake
ecosystem during the Late Weichselian
and Holocene in Eastern Europe: A case
study from East European Plain. Catena
214: 106206.

Ratajczak T., Rzepa G. 2011. Polskie rudy dar-
niowe. Wyd. Nauk. AGH, Krakow.

Rembisz A., Gackowski J., Makowiecki D.,
Markiewicz M., Polcyn M. 2009. The evi-
dence of plant cultivation and animal far-
ming in the settlement of the Lusatian Urn-
field Culture at Ruda, Grudziadz district (N
Poland) In: L. Domanska, P. Kittel, J. Fo-
rysiak (ed) Srodowiskowe uwarunkowania
lokalizacji osadnictwa. Srodowisko—Czto-
wiek—Cywilizacja, t. 2, Seria wydawnicza
Stowarzyszenia Archeologéw Srodowi-
skowych. Bogucki Wyd. Nauk., Poznan:
109-122.

Rogosz R. 1983. Obrobka i zastosowanie ze-
laza. In: W. Cnotliwy, L. Leciejewicz,
W. Losinski (ed) Szczecin we wczesnym
Sredniowieczu. Wzgorze Zamkowe. Polska
Akademia Nauk, Instytut Historii Kultury
Materialnej. Zaktad Narodowy Imienia
Ossolinskich, Wroctaw: 262-267.

Rolland N., Larocque I. 2007. The efficiency of
kerosene floation for extraction of chirono-
mid head capsules from lake sediments
samples. Journal of Paleolimnology 37:
565-572.

Rotnicki K. 2009. Identyfikacja, wiek i przy-
czyny holocenskich ingresji i regresji Bat-
tyku na polskim wybrzezu $rodkowym.
Wyd. Stowinskiego Parku Narodowego,
Smoldzino.

Rotnicki K., Boréwka R.K., Pazdur A., Ha-
fas S., Krzyminska J. 1999. Chronologia
holocenskiej transgresji Battyku w rejonie
Mierzei Lebskiej. In: A. Pazdur,
A. Bluszcz, W. Stankowski, L. Starkel (ed)
Geochronologia gérnego czwartorzedu



How well multi-indicator paleoenvironmental studies meet the needs of research on settlements...

Polski w swietle datowan radioweglowych
i luminescencyjnych. Wyd. Wind, J. Woje-
dowa, Wroctaw: 229-242.

Rudewicz J. 2021. Przeobrazenia przestrzenno-
-funkcjonalne  terendéw  poportowych
W Szczecinie w $wietle klasycznych mo-
deli miasto-port. Prace Komisji Geografii
Przemystu Polskiego Towarzystwa Geo-
graficznego 35(4): 109-127.

Rutkowski J., Starkel L. 1989. Wptyw gospo-
darki cztowieka na procesy geologiczne
w regionie krakowskim. Przeglgd Geolo-
giczny 37(6): 312-318.

Rycharski M., Piorkowski H. 2001. Wptyw wa-
runkoéw geologicznych i rzezby terenu na
zréznicowanie siedlisk hydrogenicznych w
wybranych mezoregionach strefy starogla-
cjalnej. Woda—Srodowisko—Obszary Wod-
ne 1(3): 23-36.

Rydelek P. 2011. Geneza i sktad czgsci mineral-
nych wybranych zt6z torfow niskich Wy-
soczyzny Lubartowskiej. Woda—Srodowi-
sko—Obszary Wiejskie 11(2): 135-149.

Sady-Bugajska A. 2021. Wyniki analizy arche-
obotanicznej szczatkow roslinnych ze sta-
nowiska Szczecin-Podzamcze, stan. 48
(AZP 30-05/28). Aneks nr 9. In: A. Niery-
chlewska, A. Bartczak (ed) Opracowanie
wynikow analiz szczegotowych z badan ar-
cheologicznych na terenie stanowiska
48 (AZP 30-05/28), Szczecin-Podzamcze.
Bydgoszcz-1.6dz: 1-60.

Sapek A., Sapek B., Gotkiewicz J. 1991. Rézni-
cowanie si¢ sktadu chemicznego warstwy
murszowej gleb torfowych. Wiadomosci
Instytutu Melioracji i Uzytkéw Zielonych
16(3): 109-130.

Stowinski M., Lamentowicz M., Lucow D., Ba-
rabach J.,, Brykatla D., Tyszkowski S,
Pienczewska A., Snieszko Z., Dietze E.,
Jazdzewski K., Obremska M., Ott F.,
Brauer A., Marcisz K. 2019. Paleoecologi-
cal and historical data as an important
tool in ecosystem management. Journal
of Environmental Management 236: 755-
-768.

Stowinski M., Brauer A., Guzowski P., Zwig-
zek T., Obremska M., Theuerkauf M.,
Dietze E., Schwab M., Tjallingii R,
CzajaR., Ott F., Btaszkiewicz M. 2021.
The role of Medieval road operation on
cultural landscape transformation. Scienti-
fic Reports 11: 20876.

Siedlik K., Boréwka R.K. 2019. Zmiany po-
ziomu wody jezior doliny $srodkowej Ploni

119

W czasach historycznych (ze szczego6l-
nym uwzglednieniem jeziora Miedwie).
Rozprawy i Studia, 1086, Uniwersytet
Szczecinski, Szczecin.

Sobkowiak-Tabaka 1., Pawlowski D., Mi-
lecka K., Kubiak-Martens L., Kostecki R.,
Janczak-Kostecka B., Goslar T., Rataj-
czak-Szczerba M. 2020. Multi-proxy re-
cords of Mesolithic activity in the Lubu-
skie Lakeland (western Poland). Vegeta-
tion History and Archaeobotany 29: 153-
-171.

Sobkowiak-Tabaka 1., Milecka K., Kubiak-
-Martens L. Pawltowski D., Kurzawska A.,
Janczak-Kostecka B., Kostecki R., Hilde-
brandt-Radke I., Apolinarska K., Goslar T.
2022. The persistent place at Lubrza:
asmall paradise for hunter-gatherers?
Multi-disciplinary studies of Late Palaeo-
lithic environment and human activity in
the Lagow lake district (western Poland).
Vegetation History and Archaeobotany 31:
447-465.

Sojka M., Jaskuta J., Barabach J., Ptak M.,
Zhu S. 2022. Heavy metals in lake surface
sediments in protected areas in Poland:
concentration, pollution, ecological risk,
sources and spatial distribution. Scientific
Reports 12: 15006.

Strzelecka A., Wrobel R. 2021. Differences in
the development of the Szczecin Lagoon
area in the Late Glacial and Holocene ba-
sed on the geochemical analysis of carbo-
nate sediments from Lake Nowowarpien-
skie (NW Poland). Acta Geographica Lo-
dziensia 111: 47-57.

Szal M., Kupryjanowicz M., Smolska E.,
Szczwarczewski P., Wyczotkowski M.
2013/2015. Przeksztatcenia $rodowiska
przyrodniczego w otoczeniu wczesnosre-
dniowiecznego kompleksu osadniczego
w Poganowie (Pojezierze Mazurskie).
Prace i Materialy Muzeum Archeologicz-
nego i Etnograficznego w todzi, Seria Ar-
cheologiczna 46: 295-310.

Szeroczynska K. 1998. Anthropogenic transfor-
mation of nine lakes in Central Poland
from Mesolithic to modern times in the li-
ght of Cladocera analysis. Studia Geolo-
gica Polonica 112: 123-165.

Swieta-Musznicka J., Latalowa M. 2016. From
wetland to commercial centre: the natural
history of Wyspa Spichrzéow (“Granary Is-
land”) in medieval Gdansk, northern Po-
land. Vegetation History and Archaeobota-


https://link.springer.com/article/10.1007/s00334-019-00752-3
https://link.springer.com/article/10.1007/s00334-019-00752-3
https://link.springer.com/article/10.1007/s00334-019-00752-3
https://link.springer.com/article/10.1007/s00334-019-00752-3
https://link.springer.com/article/10.1007%2Fs00334-021-00863-w

Daniel Okupny et al.

ny 25: 583-599.

Tobolski K. (ed) 1998. Paleoekologiczne stu-
dium poédznoglacjalnych osadoéw Jeziora
Lednica w Imiotkach (Lednicki Park Kra-
jobrazowy). Biblioteka Studiow Lednic-
kich 4: 1-80.

Tobolski K. 2000. Przewodnik do oznaczania
torfow i osadéw jeziornych. Vademecum
Geobotanicum 2. Wyd. Nauk. PWN, War-
Szawa.

Tobolski K. 2008. Osady biogeniczne. Wiary-
godne archiwa i najpewniejsi depozytariu-
sze artefaktow. In: W. Chudziak (ed) Czlo-
wiek i srodowisko przyrodnicze we wcze-
snym Sredniowieczu w swietle badan inter-
dyscyplinarnych. Wyd. Uniwersytetu Mi-
kotaja Kopernika, Torun: 9-38.

Tobolski K., Mocek A., Dzieciotlowski W.
1997. Gleby Stowinskiego Parku Narodo-
wego w §wietle historii roslinnosci i pod-
toza. Wyd. Homini, Bydgoszcz-Poznan.

Tobolski K., Zurek S. 2012. O kulturowej roli
obiektow i obszarow torfowiskowych —
— przeglad dotychczasowych dokonan.
Studia Limnologica et Telmatologica 6(1):
27-59.

Tro¢ M., Milecka K. 2008. Wiek osadow alu-
wialnych doliny Warty oraz doliny Cy-
biny-Bogdanki w rejonie Srodmiescia w
Poznaniu. Badania Fizjograficzne nad
Polskq Zachodnig. Seria A — Geografia Fi-
zyczna 59: 145-1509.

Twardy J. 2013/2015. Reakcja geogenicznych
sktadowych $rodowiska centralnej Polski
na antropopresje i zmiany klimatu w $re-
dniowieczu. Prace i Materialy Muzeum
Archeologicznego i Etnograficznego w f.0-
dzi, Seria Archeologiczna 46: 311-333.

Twardy J., Forysiak J., Kittel P. 2018. Okresy
wzmozonej antropopresji na obszarze Pol-
ski Srodkowej w $wietle badan holocen-
skich osadow eolicznych, stokowych,
rzecznych i torfowiskowych. Acta Geogra-
phica Lodziensia 107: 119-136.

Wardas M., Pawlikowski M., Biel A., Zaitz E.,
Zaitz M. 2009. The origin of variable
levels of Pb accumulation, within histori-
cal sequence layers of Small Market Squ-
are in Krakéw. Technical Transactions.
Civil Engineering 106(9): 355-368.

Wardas-Lason M., Zaits E., Pawlikowski M.
2007. Rozpoznanie historycznych nawar-
stwien i podziemnej infrastruktury Kra-
kowa, Kazimierza i ich przedmies¢. Rocz-
niki Geomatyki 5(8): 235-247.

120

Wardas-Lason M., Zaitz E., Such J. 2010. He-
avy metals in the historical layers at the
cross in the Cloth Hall — an attempt at esta-
blishing directions of the migrations of pol-
lutants. Krzysztofory. Zeszyty Naukowe
Muzeum Historycznego Miasta Krakowa
28: 193-200.

Wardas-Lason M., Garbacz-Klempka A. 2013/
2015. Geochemiczny zapis w $rodowisku
Krakowa dziatalnosci $redniowiecznej
meta lurgii i handlu otowiem. Prace i Ma-
teriatu Muzeum Archeologicznego i Etno-
graficznego w £odzi 46: 397-423.

Wasylikowa K., Wacnik A., Mueller-Bie-
niek A. 2009. Badania archeobotaniczne
w nawarstwieniach historycznych z terenu
Krakowa: metodyka—stan badan—perspek-
tywy. Geologia 35(1): 89-101.

Wieckowska-Liith M., Gauthier E., Thiebaut E.,
Stowinski M., Krapiec M., Dolbunova E.,
Mazurkevich A., Maigrot Y., Danger M.,
Kittel P. 2021. The palaeoenvironment and
settlement history of a lakeshore setting:
An interdisciplinary study from the multi-
layered archaeological site of Serteya Il,
Western Russia. Journal of Archaeological
Science: Reports 40(B): 103219.

Wierzbicki G., Ostrowski P., Bartold P., Buja-
kowski F., Falkowski T., Osinski P. 2021.
Urban geomorphology of the Vistula River
valley in Warsaw. Journal of Maps 17(4):
170-185.

Wisniewski B., Wolski T., Kowalewska-Kal-
kowska H. 2005. Wahania poziomu morza
w Swinoujsciu i pozioméw wéd w rejonie
ujécia Odry. In: R.K. Borowka, S. Musie-
lak (ed) Srodowisko przyrodnicze wy-
brzezy Zatoki Pomorskiej i Zalewu Szcze-
cinskiego. Wyd. In Plus Oficyna, Szczecin:
113-125.

Wojciechowski A. 1987. Profil geochemiczny
osadow jeziora Gardno. Badania Fizjogra-
ficzne nad Polskq Zachodniq, Seria A —
— Geografia Fizyczna 37: 191-211.

Woszczyk M. 2011. Paleolimnologiczna inter-
pretacja krzemionki biogenicznej — dysku-
sja na przyktadzie wybranych jezior Nizu
Polskiego. Badania Fizjograficzne nad
Polskqg Zachodnig, Seria A — Geografia Fi-
zyczna 62: 165-179.

Woszezyk M., Bechtel A. 2008. Sktad materii
organicznej jako wskaznik genezy osadow
jeziora Sarbsko. Przeglgd Geologiczny
56(2): 140-143.



How well multi-indicator paleoenvironmental studies meet the needs of research on settlements...

Zaremba P., Orlinska H. 1965. Urbanistyczny
rozw0j Szczecina. Wyd. Poznanskie, Poz-
nan.

Zglobicki W., Ziotek M. 2006. Wybrane me-
tody geochemiczne w badaniach $rodowi-
ska. Regionalne Studia Ekologiczno-Kra-
jobrazowe. Problemy Ekologii Krajobrazu
16: 519-528.

Zwolinski Z., Hildebrandt-Radke |., Mazu-
rek M., Makohonienko M. 2017. Existing
and proposed urban geosites values resul-
ting from geodiversity of Poznan city. Qu-
aestiones Geographicae 36(3): 125-149.

121

Zurek S. 1993. Zmiany paleohydrologiczne
w mokradtach. Przeglgd Geograficzny
64(1/2): 75-95.

Zurek S. 1999. Geosystemy bagienne strefy
przybattyckiej. In: R.K. Borowka, Z. Mty-
narczyk, A. Wojciechowski (ed) Ewolucja
geosystemow nadmorskich potudniowego
Battyku. Bogucki Wyd. Nauk., Poznan-
-Szczecin: 187-198.

Zurek S. 2010. Metody badan osadoéw bagien-
nych. Landform Analysis 12: 137-148.



