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The Mosty site, located in an abandoned meander of the Biata Nida River (southern Poland) includes fluviogenic peat 1.54 m
thick, with a record of palaeoclimatic changes since the Boreal phase (9258 cal BP). During exploitation of peat and sand,
numerous subfossil tree trunks, mainly Scots pine (Pinus sylvestris L.), were extracted from the deposits. Reconstruction of
palaeoenvironmental changes on the basis of peat multiproxy analysis of lithology, plant tissues, pollen and non-pollen
palynomorphs and geochemistry, together numerous radiocarbon dates and dendrochronological analysis of subfossil
wood, indicates flood-derived clastic sediment input to the peatland at ~8.2 ka BP, at 6.8—5.3 ka BP, to lesser extent after 4.2
ka and ~2.8 ka BP, and since 1.522 ka BP. A sedimentary hiatus was probably related to the strong cooling and drying of the
climate at ~4.2 ka, which caused a break in peat sedimentation. The oldest single pine tree trunks dated by C at
10,198-9757 and 9426-9128 cal yrs BP grew as pine forest on the Biata Nida floodplain before the beginning of accumula-
tion of the Mosty peatland deposits. A younger, single subfossil tree trunk (2964—-2632 cal BP) grew in bog pine woodland on
the peatland (above the hiatus) and fell during climate deterioration at ~2.8 ka. On the basis of the wiggle matching method,
two bog pine floating chronologies were developed for the periods 1360—1187 (modelled age cal BP) and 1158-976 (mod.
cal BP). The pine dying-off phase coincided with a significant increase in climate humidity in the 5th and 6th centuries AD,
which included several fluctuations. The pine floating chronologies indicate the occurrence of alternating germination and
dying-off tree phases. The beginning of colonization of the peatland by bog pines occurred during climatic drying, whereas
the tree dying-off phases (deforestation) in peatlands took place during the climate humidity growth.

Key words: fluviogenic peatland, Holocene palaeohydrology, pine dendrochronology, peat multiproxy analysis, southern
Poland

INTRODUCTION

Within the European peatlands, numerous subfossil trunks,

* Corresponding author, e-mail: margielewski@iop.krakow.pl extracted during peat exploitation, have been used both to de-
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palaeoclimatic (particularly palaeohydrological) changes during
the Holocene based on peat multiproxy analysis. Usually, the
tree species studied are Scots pine (Pinus sylvestris L.), and
English oak (Quercus robur), other species being less com-
monly used (i.e. Gunnarson et al., 2003; Leuschner et al., 2007;
Eckstein et al., 2008; Nicolussi et al., 2009; Edvardsson et al.,
2016b, 2022; Arvai et al., 2016; Achterberg et al., 2017, 2018).
To date, research on subfossil tree trunks has been conducted
on peatland deposits in England, Scotland, Ireland, the Nether-
lands, Germany, Denmark, Sweden, Finland, Lithuania, re-
gions of the Swiss and Austrian Alps, and the Romanian
Carpathians (see also Edvardsson et al., 2016b). In Poland,
such studies have covered 10 peatlands based on subfossil
pine (Pinus sylvestris) and oak (Quercus sp.) trunks extracted
during industrial peat exploitation or during fieldwork (Margie-
lewski et al., 2022a, b, 2024).

Subfossil tree trunks are also frequent in alluvial deposits
(Becker and Shirmer, 1977; Kalicki and Krapiec, 1995; Kolar
and Rybnicek, 2011; Carozza et al., 2014). Dendrochrono-
logical analysis and dating of subfossil trunks of these trees has
made it possible to document the formation, evolution and de-
struction of riparian forest vegetation (Finishinger et al., 2013;
Lézine et al., 2013; Carozza et al., 2014). In Poland, one such
locality with numerous subfossil tree trunks is the Mosty site, lo-
cated in southern Poland at the southern margin of the Holy
Cross Mts. (Fig. 1A, B). This is a fluviogenic peatland formed by
paludification of an abandoned meander of the Biata Nida
River. The periodic fluvial activity of the Biata Nida River
strongly influenced the sedimentary record of this peatland.
Peat deposits (minerogenic sedge peat) constitute the overbur-
den of alluvial sands excavated commercially (Figs. 1E: 2 and
2A, B). Peat is also extracted during this exploitation and used
for horticultural purposes. Numerous subfossil pine stumps ex-
tracted from the deposits during their exploitation have been
subjected to dendrochronological analysis (Figs. 2A, B and 3A,
B), while the peat deposits have been subjected to multiproxy
analyses: lithological, telmatological (plant tissue analysis),
palynological, and Non Pollen Palynomorphs (NPPs) (Figs. 4
and 5), as well as geochemical (Fig. 6). Radiocarbon dating of
subfossil wood and peatland deposits was also performed
(Figs. 2—4). This paper contributes to the reconstruction of Ho-
locene climate changes based on the analysis of deposits from
a fluviogenic peatland affected by periodic river activity and
therefore prone to palaeohydrological fluctuations (Margiele-
wski, 2022a). The main research question was therefore to de-
termine the impact of fluvial activity on the record of palaeo-
environmental changes within this peatland. Our study utilized
dendrochronological analyses of subfossil tree trunks buried in
sediments, key issues being determination of the origin of the
wood (riparian forest, driftwood, or bog pines) and reconstruc-
tion of the Holocene palaeohydrological (palaeoenvironmental)
variability record inferred from the peat stratigraphy and sub-
fossil tree trunk dendrochronology.

STUDY AREA

The Mosty peatland (GPS: N50°46,516’; E20°24,490’;
200 m a.s.l.) is located in southern Poland, at the southern
margin of the Holy Cross Mts. (Fig. 1A). It was formed within
the Biata Nida River valley (Nida Basin), on the Jedrzejéw Pla-
teau: the western, Cenozoic margin of the Kielce Upland (the
SW margin of the Holy Cross Mts., Przedborsko-Matogoskie
Range), and the western part of the Niecka Nidzianska De-

pression (according to Kondracki, 2000; see Kalicki and
Biesaga, 2024; Fig. 1B, C).

The Nida River valley lies south of the Paleozoic core of the
Holy Cross Mts. (Kowalski, 2002). From Chojna and Zerniki
(Biata Nida River: see Fig. 1B and C) to Brzezno (Nida River, af-
ter the confluence of the Biata and Czarna Nida), the Nida Val-
ley was formed within the Mesozoic margin of the Holy Cross
Mts., composed here of Upper Jurassic rocks, mainly lime-
stones, some with flints (Hakenberg, 1974; Kowalski, 2002).
Below the confluence of the Biata and the Czarna Nida rivers
(outside the study area — see Fig. 1B), the Nida River valley tra-
verses Cretaceous rocks of the Nida Basin (marls and lime-
stones). In the study area, the bedrock of the Nida Basin is com-
posed of Jurassic rocks forming a syncline, overlain by the Cre-
taceous strata noted above (Hakenberg, 1978), and in the lower
course of the river (outside the study area) by Miocene deposits
(limestones, sands, clays and gypsum). Quaternary deposits
dominate the study area, their thickness ranging from a few to a
ten or so metres (Hakenberg and Lindner, 1971). During the
Pleistocene glaciations, the Nida Basin area was covered by ice
sheets on several occasions (Lindner, 1978, 1982). As a result
of their activity, fluvioglacial sediments (sands and gravels) and
moraine clays were deposited, which today form a discontinu-
ous sedimentary cover (Hakenberg, 1974; Rutkowski, 1986).
The contemporary river valley floor forms a multi-stage
floodplain with relative heights of up to 3 m (Fig. 1C, D). Numer-
ous oxbow lakes of the Biata and Czarna Nida rivers, related to
fluvial activity with varying degrees of channel development, are
preserved on its surface (Fig. 1C, E; Krupa, 2013). In the
interfluve of the Biata and Czarna Nida rivers, fluvial sands were
reworked into aeolian dunes in the Younger Dryas Stadial
(Krupa, 2013; Kalicki and Biesaga, 2024).

The study area generally comprises upland relief, while the
Biata Nida valley separates two areas of different morphology.
The area to the north of the river valley is characterized by small
height differences and monotonous topography, while the
southern part has diverse topography (uplands, hummocks,
mesas, sills, plains and denudation basins, river terraces), re-
flecting greater lithological variability and rock weathering resis-
tance (see Fig. 1C, D; Gilewska, 1972).

The average annual rainfall in the area between the Biata
and Czarna Nida rivers is 650 mm, with the heaviest rainfall oc-
curring in summer (Suligowski et al., 2009).

Forest cover in the Biata and Czarna Nida river basins does
not exceed 25% (Krupa, 2013). The dominant vegetation types
are subcontinental oak-hornbeam forests and continental
mixed pine-oak forests. In the interfluve section of the Czarna
and Biata Nida, riparian ash-elm forest occurs. Small areas are
also occupied by sparse oak forest and fir forest (Matuszkiewicz
et al., 1995). In the estuarine section of the Biata and Czarna
Nida, aquatic, reed, and peatland vegetation communities oc-
cur, associated with peatlands (of minerogenic type) developed
within the river valleys (Matuszkiewicz et al., 1995). Meadow
communities occupy significant areas on the floodplain and low
terraces (Krupa, 2013).

The Mosty peatland was formed on the outwash sand plains
of the Odranian (Saalian) glaciation, within which the Nida River
valley was formed. Later, the sands were reworked by the river
in the Vistulian (Hakenberg, 1974; Kalicki and Biesaga, 2024).
As already noted, the peatland is fluviogenic, formed by paludi-
fication of one of the abandoned meanders of the Biata Nida
River, at its confluence with the Czarna Nida River (Fig. 1C, E).
The peat deposits, recorded as ~1.54 m thick, constitute the
overburden of the sandy fluvial deposits of the Biata Nida River,
which are exploited commercially by the Organic Fertilizer Pro-
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Fig. 1. Location of the Mosty site

A — in Europe and Poland; B — position in the Nida River catchment (red circles indicate sites mentioned in the text: site numbers:
sites with subfossil trees shown in Fig. 7A); C — Shuttle Radar Topography Mission (SRTM) image of the interfluve region between
the Biata Nida and Czarna Nida rivers, with location of exploitated areas and core site, sites 1-7 are mentioned in the text; D — LiDAR
DTM of the interfluve area of the Biata and Czarna Nida rivers, with location of exploited areas and core site; E — Biata Nida floodplain
(1), and exploitation scarp (2). Photos by W. Margielewski
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Fig. 2A, B - single subfossil pine tree trunks (in situ position), exposed and sampled directly in an exploitation scarp. 1 — fallen
subfossil tree trunk (M1) and its butt end (M2) still rooted in bedrock; 2 — cross-section of the stem, 3 — averaged dendro-
chronological curve of a fallen tree trunk and its butt part (red colour — sample used for "*C dating); B - fallen subfossil pine tree
trunk (1 — M3), with cross-section (2) and its dendrochronological curve (3); C — subfossil pine tree trunk, excavated during exploi-
tation (1), and its cross-section (2), its dendrochronologcal curve showing extremely thin tree rings. In this case, wood from the 5
first tree rings was dated (marked in red). Dendrochronological analysis by M. Krapiec and E. Szychowska-Krapiec. Photos by
W. Margielewski
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duction and Sand Mining Plant (Z.W.P. Mosty) in Checiny
(Figs. 1E: 2 and 3C). Within the peat, numerous subfossil tree
trunks (including Scots pines Pinus sylvestris L.) are present
(Fig. 2A, B), some having been excavated during mining (Figs.
2C and 3C-E).

MATERIALS AND METHODS

FIELDWORK AND SAMPLING:
TREE TRUNKS AND DEPOSITS

Wood samples for dendrochronological analysis (trunk
slices ~5 cm thick) were taken from the subfossil trunks using a
gas-engine chainsaw Stihl (Figs. 2 and 3E). In total, 29 samples
of wood of various species, including Scots pine (Pinus sylve-
stris L.) were collected. Wood samples were collected directly
from exploitation scarps (Figs. 1E: 2, and 2A, B), as well as from
stems occurring (ex situ) on a heap of excavated material lo-
cated near the “ZWP Mosty” exploitation factory (Figs. 2C and
3C—E). The subfossil pine trees showed various trunk diame-
ters, from 10 cm up to a maximum of 30 cm (Figs. 2 and 3E).
Due to the state of preservation of the wood and its species di-
versity (including the genera Salix, Betula and Pinus), only
well-preserved pine wood could be used for dendrochrono-
logical analysis: in total, 11 tree trunks were used to develop the
floating chronology, all taken from the excavated heap (Fig.
3D-E). Individual tree trunks were also dated during this study
(Fig. 2). Among the pine trunks occurring in situ, directly within
the exploitation scarps (see e.g., Fig. 2A, B), some rested di-
rectly on the sand underlying the peat (Figs. 2A: 2 and 3B: 1).
One of the trees was still rooted in the sandy substrate: its butt
end (Fig. 2A: M2) and fallen trunk (Fig. 2A: M1, 3) were pre-
served. Numerous deciduous tree taxa (mainly Salix, less fre-
quently Alnus) also occurred here, these being unsuitable for
chronology. Furthermore, the poor state of preservation of the
wood from some of the trunks prevented dendrochronological
analysis. Although the age of three pine trunks was radiocarbon
dated and subjected to dendrochronological analysis, this did
not provide a basis for compiling another chronology (Fig. 2).

Drilling and core collection from the peatland deposits was
carried out using a Russian sampler (INSTORF bit with diame-
ters of 7 and 10 cm), directly in the area marked for exploitation,
though in an area not yet disturbed (Figs. 1C, E and 3A). Sam-
ples of organic deposits were taken from the core at intervals of
2.5 and 5 cm and prepared for the following analyses: litho-
logical (with loss on ignition), telmatological (plant tissue analy-
sis), pollen and non-pollen palynomorphs (NPPs), and geo-
chemical analysis. Many radiocarbon (**C) dates: LSC (Liquid
Scintillation Counting), as well as AMS (Accelerator Mass
Spectrometry) were obtained from the peatland deposit se-
quence (Table 1). The sands underlying the peats were dated
using the OSL method (Fig. 4A). Dates of subfossil wood (tree
ring wood) were used for construction of floating chronologies
(Fig. 3A, B and Table 1).

DENDROCHRONOLOGY
(FLOATING CHRONOLOGIES)

Tree ring widths were measured (to an accuracy of 0.01
mm) in the Laboratory of Dendrochronology of AGH University
of Krakow using Dendrolab 1.0 equipment (Zielski and Krapiec,
2004). The dendrochronological sequences were analysed us-

ing TREE-RINGS and TSAP software (Krawczyk and Krapiec,
1995; Rinn, 2005).

The crossdates of wood samples were statistically vali-
dated, using the ‘Gl coefficient’ (Gleichlaufigkeit; Eckstein and
Bauch, 1969), and t-coefficient (Baillie and Pilcher, 1973). The
accuracy of the measurements and the quality of the cross-dat-
ing were verified by COFECHA software (Holmes, 1999). The
bog pine floating chronologies were constructed on the basis of
relative age of wood, and by the wiggle-matching method using
the OxCal (v. 4.4.3) computer program (Bronk Ramsey, 2009;
Fig. 3A, B and Table 1).

DATES

Radiocarbon (*C) conventional dates of organic material
(peat, wood detritus) were prepared in the Laboratory of Abso-
lute Dating in Krakow, Poland, using the LSC (liquid scintillation
counting) method, according to the Krgpiec and Walanus
(2011) procedure. Samples were chemically prepared using the
acid-alkali-acid method (AAA), and the standard procedure of
synthesis of benzene from carbonized samples (Skripkin and
Kovalyukh, 1998).

A total of 7 "C dates of organic deposits (peat, wood detri-
tus) and 7 dates of subfossil wood (selected tree ring se-
quences) were obtained (Figs. 2A, B, 3A, B, 4A and Table 1).
They were used to date the floating chronologies of pines based
on dendrochronological analysis and wiggle matching (Table
1). Radiocarbon dates were calibrated using the OxCal com-
puter program v. 4.4.3 (Bronk Ramsey, 2009, 2017) on the ba-
sis of the IntCal20 radiocarbon calibration dataset (Reimer et
al., 2020). After calibration, the dates were given as cal yrs. BP
ages (with 95.4% probability; Table 1).

An absolute chronology for the sedimentary sequence was
determined based on 7 LSC radiocarbon dates (Table 1). The
age-depth model was calculated using the P_sequence func-
tion of OxCal 4.4.3 software with the following parameters: kO=
0.95, log10(k/k0) = U(-1,1) and interpolation = 0.5 cm (Fig. 4B;
Bronk Ramsey, 2009). The IntCal 20 atmospheric curve was
used for calibration of dates (Reimer et al., 2020). A major
lithological change, reflecting the transition between sedge peat
and organic silt (recorded at 60 cm) was introduced to the
age-depth model using Boundary command (Bronk Ramsey,
2009). The age for the sedimentary sequence is reported as the
mean (u) value derived from the age-depth model, with associ-
ated uncertainty expressed as *1c, in modelled calibrated
years before present (mod. cal BP). The sedimentary accumu-
lation rate (AR) was calculated based on the age-depth model
(mm yr™") (Fig. 4B).

Dating of the sands beneath the peat was carried out using
the OSL method in the laboratory of the Jan Kochanowski Uni-
versity in Kielce.

LITHOLOGICAL AND PLANT TISSUE
ANALYSES

Loss on ignition (LOI) analyses were prepared for each
2.5 cm interval of the lithological sequence (Fig. 4A, C). Each
sample was dried and subjected to ignition in a muffle furnace at
550°C for 4 hours (Heiri et al., 2001). On the basis of LOI analysis
of 56 samples, a loss on ignition curve was produced in depth in-
terval (Fig. 4A) as well as in time interval (Fig. 4C) context: the
second using Tilia Graph software (Grimm, 1987, 1991).
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Fig. 4. Sedimentary sequence of the Mosty peatland

A —loss on ignition curve of the deposits (shown on a depth scale), with radiocarbon dates and the modelled age scale (on the left); photo of
log made using the Instorf drill-bit (on the right), and factor (indicator, degree) of peat decomposition (R — constructed by A, Obidowicz); B —
age-depth model (constructed by K. Buczek), with accumulation rate of deposits [in mm yr™']; C — loss on ignition of deposits shown on an
age scale; D — photo of sedimentary sequence of the Mosty peatland. Time-range of floating chronologies and position of dated tree trunks
are shown in green. Photos by W. Margielewski
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Table 1

Radiocarbon dates of peat and tree trunk wood (the last one for wiggle matching),
as well as an OSL date of sand in the Mosty peatlan

I:Ere;rr;]t]h Material Lab. code [);?seé:’? Ca[ICeanI-dgﬁsa E]ZG
634-590 (10.3%)
17.5-20.0 peat MKL-6997 490 +50 563—-456 (84.6%)
348-341 (0.6%)
30.0-32.5 peat MKL-4738 1940 £50 11995900__11793568 (2368950?/3)
5894-5806 (16.7%)
47.5-50.0 peat MKL-6998 4690 60 5792-5787 (0.4%)
5767-5588 (78.4)
65.0-67.5 peat MKL-4737 6540 £80 7%2;32;2(31;32;
8319-8245 (5.9%)
95.0-97.5 peat MKL-4736 7260 +90 8218-7931 (88.7%)
7891-7875 (1%)
8635-8616 (1%)
110.0-112.5 peat MKL-4735 7640 £100 8605-8280 (88.9%)
8269-8195 (5.7%)
140.0-145 peat MKL-4044 8450 £70 Zgg?zgggg gg;zz;
uartz grains
110 el ot UJK-OSL-101 229434ka -
Wood dated for wiggle matching
1244-1214 (5%)
2MOST21AW pine wood MKL-4195 1200 +30 1179-1057 (88.3)
1022-1006 (2.1%)
2MOST25B z30 pine wood MKL-5900 1370 +50 1360-1176
2MOST27, w30 pine wood MKL-5901 1440 +35 1380-1295
1176-1166 (1.5%)
2MOST21B, z20 pine wood MKL-5902 1110 £35 1114-1109 (0.5%)
1073-930 (93.5%)
1244-1214 (5%)
2MOST21B, w25 pine wood MKL-4195 1200 £30 1179-1057 (88.3%)
1022-1006 (2.1%)
Single tree trunks
M1, 6 last tree rings pine wood MKL-7158 8890 +60 10,198-9757
M3, 5 last tree rings pine wood MKL-7159 8280 +40 9426-9128
M30, first 5 tree rings | pine wood MKL-7173 2785 £35 2964-2782

The organic deposits were characterized on the basis of mi-
croscopic plant tissue analysis using a light microscope (Fig. 4A
and Table 2). The peat type was identified according to the
Totpa et al. (1971) classification. The degree of peat decompo-
sition (R) was also determined (Fig. 4A).

POLLEN ANALYSIS

1 cm?® samples were prepared following the standard proce-
dure described by Berglund and Ralska-Jasiewiczowa (1986).
From each 10 cm interval, 16 samples were selected for pollen
analysis. Counts were carried out under an Olympus BX43 light
microscope at 600% magnification, with a minimum of 500 ter-
restrial pollen grains identified per sample. Percentages were
calculated based on the sum of arboreal pollen (AP: trees and
shrubs) and non-arboreal pollen (NAP: herbaceous and dwarf
plants). Pollen diagrams were produced in R Studio (Posit
team, 2025) using the riojaPlot package (Juggins, 2022). Local

Pollen Assemblage Zones (LAPZ) were defined using CONISS
cluster analysis (Grimm, 1987; Fig. 5).

Among the non-pollen palynomorphs (NPPs) only Gelasi-
nospora was possible to determine.

GEOCHEMISTRY

30 samples, taken every 5 cm, were analysed geochemi-
cally. Samples were prepared according to the standard pro-
cedure (Pansu and Gautheyrou, 2006). The total content of
macro-elements (Ca, Mg, Na, K, Fe) and trace elements (Mn,
Cu, Zn, Ni, Pb) were measured using Atomic Absorption Spec-
trometry (AAS) with Thermo Scientific iCE 3500 apparatus.
Based on content of macro- and micro-elements, several geo-
chemical environmental indicators were calculated: Na/K,
Ca/Mg, Na+K+Mg/Ca, Cu/Zn, Fe/Mn, Fe/Ca, and shown on a
diagram using Tilia graph software (Grimm, 1991; Fig. 6).


https://github.com/nsj3/riojaPlot
https://doi.org/10.1177/0959683608089211
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Table 2

Botanical composition, peat type and peat decomposition
indicator (R) of the Mosty peatland

tortal | s potanical composiion | peatype | |
5-10 Peat strongly decomposed; | Magnocaricioni | _
unrecognizable macroremains | (sedge peat)
30-35 Peat strongly decomposed; | Magnocaricioni | _
unrecognizable macroremains | (sedge peat)
Carex gracilis,
65-70 C. pseudocyperus, Magnocaricioni 60
Carex sp., (sedge peat)
Musci indet.
Carex rostrata,
Carex riparia, Magnocaricioni
90-95 Carex pseudocyperus 60
(sedge peat)
Carex sp.
Musci indet.
Carex riparia,
Carex rostrata, Magnocaricioni
105-110 Carex pseudocyperus, (sedge peat) 25
Phragmites australis
Drepanocladus vernicosus
Dryopteris thelypteris,
120-125 Carex pseuc_ioc;_/perus, Magnocaricioni 50
Carex riparia, (sedge peat)
Carex rostrata
Carex pseudocyperus, -
135-140 Caer rostr;/tg, Magnocaricioni | g,
Carex gracilis (sedge peat)

Peat type according to the Totpa et al. (1971) classification; analysis
by A. Obidowicz

After drying the samples in a laboratory dryer, they were
burned in a muffle furnace at 600°C (6 h), and processed using
a PreeKem M6 mineralizer. For each mineralized sample, the
concentrations of elements (Ca, Mg, K, Na, Fe, Mn, Ni, Cu, Zn,
Pb) were determined by inductively coupled plasma mass
spectrometry using an Agilent 8900 Triple Quadrupole ICP-MS
tandem mass spectrometer (Mass spectrometry branch, Insti-
tute of Nuclear Physics, Polish Academy of Sciences, Krakow).
Mass interference was reduced by using an interquadrupole
collision-reaction cell.

RESULTS

DENDROCHRONOLOGY

SINGLE TREE TRUNKS

The pine trunk ages determined by "C radiocarbon dating
indicates that they entered the sedimentary record at different
times. Dendrochronological analysis was performed on the butt
of the oldest radiocarbon-dated pine tree, still rooted in the
sandy substrate beneath the peat (Fig. 2A: 1 — tree trunk: M2).
It was revealed as part of a tree trunk root (~30 cm in diameter)
lying nearby (and exposed during excavation), overlain by or-
ganic deposits (Fig. 2A: 1 — tree trunk: M1). Tree ring width
measurements allowed the development of a dendrochrono-

logical curve, averaged for the trunk and its butt section (Fig.
2A: 3). The trunk has 44 tree rings, mostly wide (Fig. 2A: 2). Ra-
diocarbon dating of wood taken from the outer five tree rings of
the trunk constrained the date when the pine trunk to
~10,198-9757 cal BP (Fig. 2A: 2, 3).

A second pine tree trunk, also found in situ in the lowermost
parts of the peat deposits, at the boundary between the peat
and the underlying sand, is ~35 cm in diameter (Fig. 2B: 1, 2).
Sixty-five tree rings were measured here, and the wood has
wide tree rings (Fig. 2B: 3). Wood from the last six tree rings
was radiocarbon dated to 9426-9128 cal BP (Fig. 2B: 2, 3).

Another dated pine tree trunk was excavated during exploi-
tation and placed on a spoil heap (Figs. 2C: 1 and 3C). The 10
cm diameter stump showed as many as 152 annual rings,
which were remarkably narrow (Fig. 2C: 2, 3). Wood from the
first 5 annual rings was radiocarbon dated to 2964—2782 cal yrs
BP (Fig. 2C: 2).

FLOATING CHRONOLOGIES

Based on dendrochronological analysis and wiggle match-
ing, two floating chronologies of pine (Pinus sylvestris) were de-
veloped for the Mosty site (Fig. 3A, B). Their time range is
1360-1187 +27 mod. cal BP (chronology: 2MOST_A2: 182
years) and 1159-977 £50 mod. cal BP (chronology:
2MOST_A1 with alength of 172 years) (Fig. 3A, B). Despite the
overlapping boundaries of both floating chronologies
(1214-1160 mod. cal BP for chronology 2MOST_A2 and
1209-1108 mod. cal BP for 2MOSTA-1 — see Fig. 3A), it was
not possible to combine both chronologies into one. This is
probably related to the current lack of subfossil tree trunks,
analysis of which could allow combining both chronologies. Av-
eraged dendrochronological curves for both chronologies indi-
cate periodic, longer reductions in tree ring widths in the years
ca: 1320-1298, 1268-1258; 1224—-1210 cal BP and (for the
younger chronology): 1128-1118; 1064—103; 994-982 cal BP
(Fig. 3A: 2, B: 2). More frequent are short-term reductions in
growth (lasting 4-8 years), which may indicate brief deteriora-
tions of ecological conditions in the habitats of these trees (Fig.
3A:1,B: 1).

AGE-DEPTH MODEL AND SEDIMENTARY
RATE

The age-depth model constructed shows a high agreement
index (Amodel: 82%), indicating that the chronology is reliable
(Fig. 4B; Bronk Ramsey, 2009, 2017). The modelled age devel-
oped based on the age-depth model for each 0.5 cm interval of
the profile have been shown as mod. cal BP.

According to the model, the sedimentary accumulation rate
varied from 0.05 to 0.42 mm yr™' (0.24 mm yr™' on average).
Maximum AR values (3.2—4.2 mm yr™') occurred during the de-
positon of sedge peat, while minimum AR values
(0.05-0.06 mm yr™") corresponded to the accumulation of or-
ganic muds and strongly decomposed peats.

SEDIMENTARY SEQUENCE

Drilling with the INSTORF bit reached a depth of 167 cm,
penetrating the sands underlying the organic deposits (Fig. 4A,


https://doi.org/10.1017/RDC.2017.108
https://doi.org/10.2458/azu_js_rc.51.3494
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D). These sands have been OSL dated to 22.9 +3.4 ka BP
(UJK-OSL-101) (Fig. 4A).

The beginning of accumulation of highly contaminated
peat (60% loss on ignition) at a depth of 154 cm was dated to
9258 +£130 mod. cal BP. The increase in organic content (90%
loss on ignition) and accumulation of uncontaminated peat at
a depth of 140 cm was dated to 9393 £100 mod. cal BP (Fig.
4A, D). The organic deposits are dominated by sedge peat
(genus: Magnocaricioni, according to Tolpa et al., 1971). In
the 154—120 cm interval this is formed by sedges: tissues of
Carex rostrata, C. gracilis, C. riparia, C. pseudocyperus, and
the fern Dryopteris thelypteris, were identified; the degree of
decomposition was 50%, and loss on ignition reached 90%
(Fig. 4D and Table 2). The peat accumulation rate here is 0.35
mm yr~' (Fig. 3B). In the 120-110 cm interval, the sedge peat
is less decomposed (R = 25%, loss on ignition: 90%), and the
sedges are accompanied by Phragmites australis and
Drepanocladus vernicosus moss. Towards the top of the pro-
file, the degree of decomposition of the sedge peat (formed
here exclusively from sedges) increases to 60% (10565 cm;
LOI: 80%). In the 110-105 cm interval, the loss on ignition
curve shows a decrease in loss on ignition from 90 to 45%.
This episode was dated to 8459-8200 +74 mod. cal BP (Fig.
4A, C). On the profile shown on a time scale, the decrease in
loss on ignition appears to be very short-lived (Fig. 4C). The
second decrease in loss on ignition values, visible on the LOI
curve in the 60-52 cm interval, is longer. This episode was
dated to 7348-6283 +120 mod. cal BP (Fig. 4A, C). In the
highest parts of the sedimentary profile (35-0.0 cm), the peat
is already highly decomposed (humified) (R >65%) and miner-
alised, and plant tissues are undetectable. The sediment ac-
cumulation rate decreases here to 0.05 mm yr'(Fig. 4A, B).
From a depth of 25 cm, a steady decrease in loss on ignition to
35% is visible, while the peat accumulation rate increases to
0.3 mm yr' (Fig. 4B). The onset of this process has been
dated to 1522 +140 mod. cal BP and has continued to the
present day (Fig. 4A, C). Its onset also coincides with the tem-
poral range of the pine chronologies (Fig. 4A, C).

VEGETATION HISTORY

The Mosty pollen record spans most of the Holocene and
was divided into five distinct LPAZ, with one interval lacking pol-
len, as identified in the sequence (Fig. 5).

During the earliest phase (LPAZ MO-1, before 95248468
cal BP), the record indicates a clear dominance of Pinus.
Picea also played a role more substantial than that of a
short-lived incursion in the local vegetation, while temperate
deciduous taxa, including riparian species, were rare. The in-
crease in Poaceae pollen at the end of the zone suggests local
forest contraction. The presence of Filicales monolete spores
and Cyperaceae pollen might suggest the expansion of sedge
fen. A sample at 105 cm depth contains no pollen, likely re-
flecting sedimentary conditions unfavourable for palynomorph
preservation ~8468-8201 cal BP (Fig. 5).

In the subsequent phase (LPAZ MO-2, 8201-7718.5 cal
BP), Pinus declined synchronously with an expansion of Picea
and Alnus. Other temperate taxa remained of minor impor-
tance. In this zone, Gelasionsopora spores were observed
(Fig. 5).

In LPAZ MO-3 (7718.5-6872.5 cal BP), Pinus regained
dominance, while Alnus disappeared completely from the re-
cord. This phase also records the maximum expansion of

Corylus, which played a prominent role in the forest vegetation
at this time.

The vegetation of LPAZ MO-4 (6872.5-3647.5 cal BP) is
characterized by moderate changes. Pinus remained domi-
nant, but both Picea and Alnus regained importance, though
less than in earlier phases.

The final zone (LPAZ MO-5, 3647.5 cal BP) reflects the veg-
etation dynamics of the Subboreal and Subatlantic periods.
Pinus continued to dominate, while Fagus and Abies appeared
in the record but remained scarce. Increases in non-Arboreal
pollen, particularly Poaceae, Amaranthaceae and Artemisia, in-
dicate forest contractions, most likely driven by human activity.
No other strong indicators of anthropogenic impact are present
(Fig. 5).

Overall, the Mosty pollen sequence represents an unusually
well-preserved record dominated by Pinus. A striking feature is
the intermittent representation of taxa such as Alnus, Betula,
Corylus, and Quercus, as well as the underrepresentation of ri-
parian taxa. The complete absence of Fraxinus pollen is partic-
ularly unusual given the site’s location in a river valley.

GEOCHEMICAL INDICATORS

Based on variations in organic matter content (LOI) and the
concentrations of macro- and trace elements, four main geo-
chemical zones were determined: GZ I-IV (Fig. 6).

The first geochemical zone (G 1; 150-110 cm; before
~9520 to ~8460 mod. cal BP), coinciding with the transition be-
tween coarse sands and sedge peat, is divided into two sub-
zones: G 1A and B. The older stage (G1 A, before 9390 mod.
cal BP), associated with the deposition of coarse sands with a
gradually increasing content of organic matter (LOI: 0.9-25%),
is characterized by elevated concentrations of K (0.68-1.27
mg/g) and Mg (0.85-1.31 mg/g). Elevated values of the basin
erosion ratio (Na+K+Mg/Ca) were accompanied by values,
lower than the profile average, of the Fe/Mn ratio, indicating the
dominance of oxidizing conditions. The upper part of this zone
(G1 B; 9390-8460 mod. cal BP) is associated with accumula-
tion of sedge peat. During this stage of peatland development,
the content of organic matter increases distinctly (from 45.8 to
90.3%) as does the concentration of calcium (1.6-24.4 mg/g)
and some trace elements: Ni (from 0.51 to 14.6 pg/g) and Cu
(from 3.2 to 13.8 pg/g). Decreasing redox conditions, reflected
in the highest Fe/Mn ratios within the entire sedimentary se-
quence (108-131) and accompanied by a declining content of
lithophile elements (Na, Mg, K), indicate a rise in the groundwa-
ter level in the peatland, without evidence for the deposition of
river-derived allochthonous clastic material (Fig. 6).

The onset of the next geochemical zone (G 2; 110-60 cm;
~8460-7200 cal BP) is marked by the deposition of a thin layer
(<10 cm) of silty peat (LOI: 75.5-50.9%). Elevated values of in-
dicators associated with mechanical erosion (Na+K+Mg/Ca,
Fe/Ca), together with a substantial increase in trace elements
such as Zn and Pb (up to 68.5 and 52.4 ug/g, respectively), can
be interpreted as reflecting the deposition of overbank sedi-
ments during flood events of the Biata Nida River. After ~8150
cal BP an increasing content of organic matter delineates the
beginning of the sub-zone G2 B (Fig. 6). In this stage, the con-
centrations of most macroelements (Ca, Mg, Fe, K) returned to
levels comparable to those observed prior to the clastic influx
(Fig. 6). In contrast, the mean sodium concentration was ap-
proximately three times higher (u = 0.58 mg/g) compared to the
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preceding sedge peat horizon (u = 0.18 mg/g), resulting in a
significant increase in the Na/K ratio. These geochemical char-
acteristics, together with stable and extremely low values of the
erosion ratio (u = 0.11) and overall low Fe/Mn values (u =
118.1), may indicate a lowering of the groundwater level in the
peatland (Fig. 6B).

The beginning of the next geochemical zone (G3; 60-30
cm; ~7200-1770 mod. cal BP) is characterized by a significant
decrease in organic matter content (from 81 to 65%), associ-
ated with another peat horizon enriched in overbank deposits.
The rapid decrease in the accumulation rate (from 0.33 to 0.05
mm yr') during the deposition of this interval may indicate the
presence of a hiatus or hiatuses. Increasing concentrations of
lithophile elements, as well as flood-delivered trace elements
from the Nida River catchment (Zn, Pb), were recorded ~6283
mod. cal BP (Fig. 6A).

The uppermost geochemical zone (GZ IV; 30-0 cm; ~1770
to =79 cal BP) consists of strongly humified peat (see Figs. 4A
and 6A). The concentrations of elements, except for Ca, in-
crease upwards, reaching their highest values in the entire sed-
imentary sequence. The distinct increase in trace elements
such as Pb and Zn (86.1 and 135.7 pg/g, respectively) during
this phase, in contrast to the earlier flood-related peaks of Pb
and Zn, is interpreted as resulting from atmospheric deposition
and their accumulation within the zone of water-level fluctuation
(Damman, 1978).

DISCUSSION

PALAEOENVIRONMENTAL RECORDS
IN PEATLAND DEPOSITS

Previous research indicates that the sands underlying the
Mosty peatland deposits were originally fluvioglacial, related to
the disappearance of the Odranian ice sheet (Saalian) (Haken-
berg, 1974). Later, they were reworked by denudation and flu-
vial processes during the Eemian Interglacial and in the Vistu-
lian Glacial (Hakenberg, 1974; Dzierzek et al., 2019). The allu-
vial floodplains of the Czarna and Biata Nida rivers and their
interfluve areas are dominated by Pleistocene braided river
sands forming an alluvial terrace (Kalicki and Biesaga, 2024).

The OSL date of 22.9 +3.4 ka BP we obtained from the
sands directly underlying the peat indicates that the last expo-
sure of these deposits took place at the end of the Younger
Plenivistulian (Fig. 4A). This exposure was undoubtedly related
to the reworking of fluvioglacial sands by the fluvial activity of
the Biata Nida and the Czarna Nida rivers in the Upper Pleni-
vistulian, as indicated by the date (see Krupa, 2013, 2015;
Kalicki and Biesaga, 2024; Fig. 4D). The luminescence date of
19.18 £2.88 ka BP (Krupa, 2013), very close to that obtained by
us, determines the age of the sandy alluvia of the Czarna Nida
River, also in Mosty (Mosty 1, see on Fig. 1C — site 1; Krupa,
2013, 2015).

The onset of sedge peat accumulation in the Mosty
peatland (this study), formed by paludification of a cut-off mean-
der, was radiocarbon dated to ~9543-9196 cal BP (9258 +130
mod. cal BP; Fig. 4A and Table 1). The significant age differ-
ence between the sandy deposits (Upper Plenivistulian) and
the onset of peat accumulation (Boreal phase of the Holocene)
indicates the occurrence of a hiatus at this level, resulting from
erosional removal of the upper part of the sand unit. At the be-
ginning of the Late Glacial (~17,900-17,400 cal BP), a stage of
channel incision into the substrate was recorded in the valley of
the neighbouring Czarna Nida River, associated with increased

river erosion (Krupa, 2013; Kalicki and Biesaga, 2024). The for-
mation of large meanders in the Czarna Nida valley has taken
place at least since the interphase warming of the Allergd
(~13.9 ka cal BP; Krupa, 2013; Kalicki and Biesaga, 2024).
Later, after the formation of braided channels during the cooling
of the Younger Dryas (~12.7 ka cal BP), already at the begin-
ning of the Holocene (11.6 ka cal BP) and in the Eo- and
Neoholocene, a constant tendency of the Czarna and Biata
Nida rivers to cut into the substrate and to form meanders was
observed (Krupa, 2013, 2015; Kalicki and Biesaga, 2024).

Similar trends at that exact time have been widely observed
among European river valleys (Vanderberghe et al., 1994,
Panin et al., 1999), including the Vistula River valley (Starkel et
al., 1996, 2013; Kalicki, 2006). At that time, erosion likely re-
moved the upper parts of Vistulian deposits, i.e., the sandy allu-
vial succession of the Biata Nida that underlay the Mosty
peatland. At the mouths of the Biata and Czarna Nida rivers, a
floodplain began to form in the Eoholocene, following the dis-
section of a higher river terrace (and the formation of meanders)
that had previously formed in the Younger Dryas, when the river
was still of braided type (Krupa, 2013). During the Eoholocene,
particularly in the Preboreal phase, a gradual calming of fluvial
processes was observed in the Biata and Czarna Nida River
valleys (Krupa, 2013; Kalicki and Biesaga, 2024). The subse-
quent expansion of pine-birch-spruce forests (Fig. 5) limited the
supply of material to the river channels. River meanders were
then cut off and paludified, as shown by the onset of organic ac-
cumulation in cut-off palaecomeanedrs dated in the Czarna Nida
valley to 11,204—10,793 cal BP (Kuby Mtyny palaeomender —
for location see Fig. 1B) and 9401-8722 cal BP (Mata Wie$ ox-
bow lake) (Krupa, 2013). In the Biata Nida River valley, the me-
ander cut-off in Mosty-Browica (above the Mosty site analysed)
and its paludification occurred ~9393-8649 cal BP (Fig. 1C —
site 4) (Kalicki and Biesaga, 2024). During this period, the Biata
Nida meander in Mosty was also cut off (this study) and
paludification gradually began (Fig. 1B — research site).

The oldest pine trunk found in the deposits of the Mosty site,
the butt part of which is still rooted in the sandy substrate, has
been radiocarbon dated to 10,198-9757 cal BP. The date ob-
tained from the wood of its last 5 tree rings indicates the time
when it fell (Fig. 2A). Despite the relatively large trunk diameter
(30 cm), the tree has only 44 tree rings, which are generally
wide. However, the two-fold reduction in annual tree rings visi-
ble on the curve in the first 6 years and around the 25th—30th
year of tree growth may indicate a rapid deterioration of ecologi-
cal conditions, perhaps related to periodic flooding of the habi-
tat. Another, slightly younger pine trunk found in the bottom
parts of the peatland had fallen ~9426-9128 cal BP (here, wood
from the last 5 growth rings were also dated) (Fig. 2B and Table
1). Compared to the previous trunk, it has wider rings: with a di-
ameter of 35 cm, it has 67 annual rings (Fig. 2B: 3). The dated
onset of peat accumulation indicates that the older pine
(M1/M2) grew on sandy substrate, prior to the formation and on-
set of paludification of the Biata Nida palaeomeander, within a
riparian forest covering the Biata Nida River floodplain. This
woodland phase was possible at that time, as a distinct decline
of fluvial activity and peat formation was observed in Central
Europe, including the Vistula River, ~10,200-9600 cal BP
(Starkel et al., 2013). The younger subfossil pine stump (M3:
67 year old —see Fig. 2B: 3) fell in ~9426-9128 cal BP, and also
grew partly on sandy substrate (the tree trunk was contami-
nated by sand). The width of its annual rings also indicates that
it was (to a lesser extent) subjected to fluvial processes, also
being part of the riparian forest formed at the beginning of me-
ander paludification (Fig. 7A). The time when it fell coincided
with a distinct rise in fluvial activity of European rivers, estimated
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at ~9600-8400 cal BP (Starkel et al., 2013). In the Northern
Hemisphere, a strong increase in climate humidity occurred at
that time (Wanner et al., 2015), as well as the strong cooling re-
sulting in a Bond event ~9.4 ka (Bond et al., 2008) and the
Venediger phase of the Glacial advances in the Alps (lvy-Ochs
etal., 2009; Le Roy et al., 2024; Fig. 7B). A phase of increased
fluvial activity of the Wista River was also recorded at that time
(Starkel et al., 1996, 2013; Fig. 7B). Undoubtedly, when the
younger pines fell coincided with the beginning of paludification
of the Biata Nida abandoned meander studied in Mosty. The
palynological diagram is dominated by Pinus sylvestris with the
participation of Betula and Picea and a small share of Corylus
pollen (Fig. 5).

The delivery of clastic sediments to the Mosty peatland and
the formation of the illuvial horizon in the peats (probably an ef-
fect of the Biata Nida flooding), visible on the LOI curve, was
dated to 8459-8200 £72 mod. cal BP (Fig. 4A, C). At this time,
pollen is absent on the palynological diagram (Fig. 5). During
this interval, a sudden increase in the content of Mg and K, as
well as the heavy metals Fe, Mn, Ni, Cu, Zn, and Pb, supplied
by the floodwaters of the Biata Nida River (and especially its
tributaries — the Wierna Rzeka and Hutka rivers — see location
on Fig. 1B)is visible (Figs. 6A and 7A). The source of these el-
ements in the Holocene deposits of Biata Nida was undoubtedly
polymetallic mineralization in the Devonian limestones of the
Miedzianka Mt. region, which is directly drained by tributaries of
the Hutka River, a left tributary of the Biata Nida River (see Fig.
1B). The primary mineralization at Mt. Miedzianka is poly-
metallic, the predominant minerals here being sulphides of cop-
per and iron (chalcopyrite), lead (galena), copper, arsenic,
nickel, barium and antimony, with the presence of silver and
zinc in the crystal lattices of these minerals (Rubinowski, 1971;
Pabian et al., 2022). However, the deposit of economic impor-
tance was the secondary, karst-weathering accumulation of
sulphide, carbonate and oxide copper minerals, as well as cop-
per and iron with admixtures of native silver and native copper
in clay-sandy deposits, which filled mainly karst voids located
high on the slopes of the hills. Generally, the deposit (formerly
mined) shows elevated contents of Cu, Pb, Zn, As and Fe, and
slightly lower, but reaching several percent, values in certain
minerals of Ti, Ni, Sb, Mo, Ag, and Ba (Rubinowski, 1971; Swed
etal., 2015). The presence of this deposit on the relatively steep
slopes of Miedzianka Mt., several tens of metres high (354 m
a.s.l.), resulted in increased mineral supply to streams during
intensified denudation processes, stimulated, for example, by
increased climate humidity. Therefore, during the period ana-
lysed, there would have been natural delivery of these elements
to the Hutka River (and later the Biata Nida River) alluvium.

These elements were therefore delivered to the Mosty
peatland by floodwaters of the Biata Nida River. Flooding of the
peatland at this time is indicated by a substantial increase in the
Fe/Mn ratio in this part of the succession, indicating an increase
in the water level in the peatland (Fig. 6B; Davison, 1993;
Mazurek et al., 2014; Borowka et al., 2015). These flooding
events (8460-8250 cal BP) coincide with the most prominent
Holocene climate deterioration, the so-called 8.2 ka event
(sensu Bond et al., 1997, 2008). Minor changes in the accumu-
lation rate of sedge peat in the sedimentary profile studied (u =
0.31-0.42 mm yr‘1) during this climate event (Fig. 4B) may indi-
cate slow floodplain deposition, presumably resulting from the
considerable distance of the peatland from the river channel,
and/or low-magnitude, cyclic flooding events (Knighton, 1998;
Hupp, 2000). The flooding of the peatland by the Biata Nida
River and the deposition of the illuvial horizon in the peats coin-
cided with one of the largest and most rapid climate cooling and
humidity growth events in the Holocene: the famous 8.2 ka

event (Bond et al., 2008; Wanner et al., 2011, 2015; Walker et
al., 2019; Fig. 7B). At that time, an increase in fluvial activity of
European rivers was recorded, especially the Wista River (Fig.
7B; Starkel et al., 1996, 2013), and an intensification of slope
processes in mountain areas (Panek et al., 2013; Margielewski,
2018). In the Alps, this cooling was reflected as the Kromer
phase of the glacial advances (lvy-Ochs et al., 2009; Le Roy et
al., 2024; Fig. 7B). In the valley of the neighbouring Czarna Nida
River and their tributaries, in the older part of the Atlantic phase,
traces of individual floods were recorded in alluvium, in the form
of peat being overlain by clastic sediments in several oxbow
lakes (Ludwikowska-Kedzia, 2000; Krupa, 2013, 2015). At that
time, in the valleys of the Czarna and Biata Nida rivers, the river
meanders were cut off and their paludification began (Fig. 7A;
Krupa, 2013; Kalicki and Biesaga, 2024).

In the profile of the Mosty peatland analysed, the beginning
of further supply of clastic sediment to the mire was dated to
7348 +87 mod. cal BP, while the end of this long-term process,
which formed the illuvial horizon in the peats, was dated to 5827
+87 mod. cal BP (Fig. 4A, C). In the light of the dating, this pro-
cess lasted almost 1500 years and was permanent: the LOI
curve does not show the fluctuations characteristic of frequently
repeated events (Fig. 4A, C). The palynological diagram shows
a decrease in the share of Pinus pollen, with a simultaneous in-
crease in the share of Betula, Picea, Ulmus, Alnus and Corylus
pollen. Poaceae and Cyperaceae also appear (Fig. 5). The ele-
mental composition of the sedimentary interval analysed shows
a sudden increase in the contents of Fe, Mn, Cu, Zn, and espe-
cially Pb, as well as an increase in the share of Mg and K (Figs.
6A and 7A), delivered to the peatland by floodwaters of the
Biata Nida River and the Hutka River flowing into it. The in-
crease in the Fe/Mn ratio indicates periodic flooding of the
peatland with water (Fig. 6B). Increasing concentrations of
lithophile elements, as well as flood-delivered trace elements
from the Biata Nida and Hutka rivers catchment (Zn, Pb), may
indicate a link with the cold and wet climate excursion
(6500-5900 cal BP) documented at a large number of study
sites across Europe (\Wanner etal., 2011, 2015; Florescu et al.,
2019; Kotaczek et al., 2021). Around 5.9 ka BP, an episode of
significant climate cooling called a Bond event was recorded
(Bond et al., 2008; Fig. 7B). In the Alps, the Rotmoos 1 phase of
mountain glacier advances occurred (lvy-Ochs et al., 2009).
Around 6400 cal BP a distinct increase in peat growth and flu-
vial activity was recorded in central Europe, including the Wista
River Valley (Starkel, 2013; Fig. 7B). In the cut-off oxbow lakes
of the Nida River, peats began to accumulate, dated in the Biata
Nida palaecomeander to 6724—-6313 cal BP (Fig. 1B —site 4 and
Fig. 7A; Kalicki and Biesaga, 2024), and similarly to the Mosty
peatland analysed, these were mainly clayey peats (ash con-
tent ~50%).

A series of small mineral sediment intercalations into the
Mosty peatland (poorly marked on the LOI curve in the 45-32.5
cm interval) indicating local inundation of the peatland (floods?),
which could have occurred ~4460-2178 +200 mod. cal BP
(45-32.5 cm; Fig. 4A, C). In the deposits, an increase in Cu
content is visible (lower parts of the interval), while towards the
top of this interval a slight increase in Fe and Mn was recorded,
with a decrease in the concentration of other heavy metals
(Figs. 6A and 7A). A slight increase in the Fe/Mn ratio in this in-
terval may suggest local, small flooding (floods?) of the Mosty
peatland (Fig. 6B). With the beginning of the “flood period”
~4460 cal BP recorded in the Mosty peatland deposits, the cut-
ting off and paludification of the Czarna Nida palaeomeanders
began (Krupa, 2013; Fig. 7A). The fluvial activity in the Czarna
Nida interfluvial area at that time may be indicated by the cut-off
and the beginning of paludification of the Czarna Nida mean-
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ders in Mosty (4233-3724 cal BP — see Fig. 1C — site 2) and in
Borki (49614531 cal BP — see Fig. 1C — site 3 and Fig. 7A;
Krupa, 2013; Kalicki and Biesaga, 2024).

However, the low accumulation rate in the Mosty peatland
(AR) (0.5 mm yr™") may, in turn, suggest a slowdown in the rate
of peat accretion due to periodic drying of the peatland (Fig.
4B). The sequence of radiocarbon dates, the rapid decrease in
the peat accumulation rate, the collapse of the age-depth
curve, and the occurrence of extremely decomposed peats (R
>65%) at this level, typical of peatland desiccation, indicate the
possibility of a hiatus occurring here (in the interval between
45-30 cm, although peat compaction could also have occurred
here; Fig. 4A, B). However, at the current level of research, its
temporal extent is difficult to determine, because of a shortage
of radiocarbon dates, and it is also not confirmed by palyno-
logical analysis (see Fig. 5). It cannot be ruled out that the
peatland desiccation (resulting in the lack of peat sedimenta-
tion) could have been related to the 4.2 ka episode, during
which climate cooling and simultaneous desiccation occurred in
this part of Europe (\Wanner et al., 2011, 2015; Kaniewski et al.,
2018; McCay et al., 2024; see on Fig. 7B).

In the areas adjacent to the Biata Nida River valley, pine for-
est (Pinus sylvestris) still dominated at that time, though with a
clear decrease in the share of pine and with a significant admix-
ture of spruce (Picea abies), birch (Betula) and alder (Alnus;
Fig. 5).

In the upper parts of this interval (~35 cm) there was a pine
trunk characterized by very narrow tree rings (Fig. 2C). The be-
ginning of its growth (first 5 tree rings) was radiocarbon dated to
2964-2782 cal BP, while the tree fell in ~2815-2632 cal BP
(taking into account its 150 annual rings) (Fig. 2C: 2, 3). Den-
drochronological analysis showed that the tree grew in ecologi-
cal conditions that suddenly deteriorated dramatically during
the tree’s growth. While the first 7 tree rings are 180 um wide,
over time their width drastically decreases: after 20 years to
65-40 um, and after another 70 years of tree growth
(~2,894-2,712 cal BP), the width of the annual increments de-
creases to 10-20 um (Fig. 2C: 3 — compare with tree ring
curves: A3 and B3 in Fig. 2). The tree likely grew on the surface
of a peatland (bog pine) that was initially extremely dry (tree
germination phase) but quickly became subject to frequent ris-

ing water levels due to long-term flooding of the Biata Nida
River, which resulted in a dramatic reduction in the width of the
tree’s annual rings. The tree’s falling may have been related to
climate deterioration ~2.8 ka (Bond event), when increased flu-
vial activity of the Wista River was recorded (Starkel et al,,
2013), coevally with the advance of the Alpine glaciers during
the Goeschener phase (lvy-Ochs et al., 2009), and high water
levels in Alpine lakes (Magny et al., 2003; Magny, 2013; Fig.
7B).

At the end of the Subboreal and early Subatlantic phases,
an erosional stage began in the Czarna Nida valley (Krupa,
2013, 2015; Kalicki and Biesaga, 2024). In the period 2.8-2.4
ka cal BP, the cutoff of meanders and the beginnings of their
paludification are common (Krupa, 2013; Fig. 7A). The mean-
dering channels of the Nida River and its tributaries migrated
laterally at that time, as indicated by a fallen black oak (Quer-
cus) tree trunk found in the alluvial deposits of one of the
Czarna Nida tributaries (Lubrzanka — see Fig. 1B), dated to
3061-2783 cal BP (Kowalski, 2002). A subfossil alder (Alnus)
tree trunk dated to 2725-1742 cal BP found in the Czarna Nida
alluvial deposits at Borki (Fig. 1B —site 3 and Table 3; Snieszko,
1978; Krupa, 2013), has also been associated with this erosion
phase. This tree trunk could have fallen during the same wet
phase as the trunk with thin annual tree rings from the peatland
analysed in Mosty (this study — Fig. 2C).

Although the Czarna Nida erosional stage began at the turn
of the Subboreal and Subatlantic phases, the greatest concen-
tration of this type of erosion-related event was recorded in the
Roman period (Krupa, 2013; Kalicki and Biesaga, 2024). The
area between the Biata and Czarna Nida rivers was then in-
cluded in the Nida iron smelting region (with famous bloome-
ries) of the Przeworsk Culture (Fig. 6C). The activity of this
bloomery smelting centre in the Czarna and Biata Nida valleys
took place in the years from 2316—1929 cal BP (366 BC-21
AD), to 1529-1299 cal BP (421-651 AD) (Przychodni, 2006;
Przepidra et al., 2024; Kalicki and Biesaga, 2024). Traces of
smelting and iron processing activities are macro- and mi-
cro-slags and iron pellets (so-called spherules) from this period,
found in the alluvial deposits of the Biata and Czarna Nida
rivers, in the interfluve zone (Fig. 1B — sites 6 and 7; Kalicki et
al., 2020; Przepiora et al., 2023; Kalicki and Biesaga, 2024). In-

Table 3

Dated subfossil tree trunk excavated from the Mosty peatland (Biata Nida River; this study) and the Czarna Nida River,

and their tributaries: the Lubrzanka River and

elnianka River (site location on Fig. 1B)

River Site Wood species Age cal BP Age BC/AD Source
Mosty M1 Pine 10,198-9757
Mosty M3 Pine 9426-9128
Mosty M30 Pine 2964-2782
; ; Mosty, ;
Biata Nida floatzirl\]ﬂgo%]{onAOZIOgy Pine 13?1?)?1.101a8l7Bli327 this study
~ Mosty, ) _ +
floagRAgOcSh_lr_orA%Iogy Pine 1r1n508d%7a? ESO
. Borki Alder 27251742 775 BC-209 AD | Snieszko (1978); Krupa (2013)
Czarna Nida - -
Wolica Oak 1341-804 609-1146 AD Lindner (1977)
Cedzyna Oak 3061-2783 1111-833 BC Kowalski (2002)
Cedzyna 2 Oak 1828-1570 125-380 AD
Lubrzanka ;
Cedzyna 1 Oak 1694-1404 256-546 AD Kowalski and Swatdek (1991)
Cedzyna 1 Oak 1517-1305 433-645 AD
Belnianka Czaplow ? 5741-5482 3791-3532 BC Ludwikowska-Kedzia (2000)
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terestingly, the period of this economic activity did not signifi-
cantly figure on the geochemical diagram of the Mosty peatland
deposits. Only a local increase in the Fe, Mn, Cu and Zn con-
tents is visible (Fig. 6A). The development of the bloomery ac-
tivity in the interfluve of the Biata Nida and Czarna Nida rivers
(see Fig. 6C) and intensive environmental transformations in
the “industrial” part of the river basin coincided with a period of
more frequent occurrence of extreme hydrometeorological
phenomena (Kalicki, 2006; Starkel et al., 2013). This resulted in
the intensification of fluvial processes in the area analysed, lat-
eral migration of channels (so-called black oaks in the alluvium
of the Nida and its tributaries — see Fig. 7A and Table 3), and
the formation of new alluvial intercalations with residues of sedi-
ments from metallurgy and iron processing. Deforestation re-
lated to the production of charcoal used in the metallurgical pro-
cess resulted in the activation of aeolian processes in the
interfluve area ~2336—1415 cal BP (Borki site — see Fig. 1B:—
site 3; Krupa, 2013; Kalicki and Biesaga, 2024).

The top of the Mosty peat succession, in the 0—25 cm inter-
val, is dominated by strongly decomposed (R >65%) and highly
clayey peats (Table 2), resulting from a long-term supply of
clastic sediment to the peatland (LOI decreases from 80-35%).
Its onset was dated to 1522 +148 mod. cal BP (428 cal AD; Fig.
4A, C). Hypothetically, it can be assumed that this significant re-
duction in loss on ignition could also be the result of mineraliza-
tion of the top parts of the peat, as frequently occurs in the peat
profiles described (Borowka et al., 2015). However, at least
several observations indicate otherwise. The onset of illuvial
horizon formation coincided with a period of widespread climate
wetting and cooling in the 5th—6th century AD (Kalicki, 2006). At
that time, both an increase in the fluvial activity of the Wista
River (Starkel et al., 1996, 2013) and a phase (Goeschener 2)
of glacial advance in the Alps (lvy-Ochs et al., 2009) were re-
corded (Fig. 7B). With the beginning of the formation of the
illuvial horizon in the top part of the organic deposits of the
Mosty peatland (so-called clayey peats), the common falling of
pine trunks and their accumulation in the sediment occurred
(Fig. 4A, C). The floating chronologies compiled on their basis
have a time range of 1360—1187 +27 mod. cal BP (590-763
127 mod. cal AD) and 1158-976 +50 mod. cal BP (792-974
+50 mod. cal AD) (Fig. 2A, B). The dying-off phases of trees
found here indicate several episodes of tree falling, dated
1201-1187 +27 mod. cal BP (749-763 +27 mod. cal AD) and
1002-976 £50 mod. cal BP (Fig. 2A, B). Hypothetically, this
may indicate that, in these periods, lateral migration of the Biata
Nida River could have taken place, which caused undercutting
of the forested river banks, the falling of trunks of the pine trees
growing there, and their deposition in the form of driftwood.
Similar phenomena have been described for subfossil oaks
(so-called black oaks) from the alluvia of the lower Wista
(Kalicki and Kragpiec, 1995). However, the paludification in-
volved an abandoned meander, not an active meander, and the
supply of clastic sediment into the peatland by flood waters was
quite moderate. Clastic sediments delivered by periodic floods
did not interrupt peat accumulation, and sedimentation of
clastic layers (even thin ones) typical of floods did not occur
here (see Klimek, 1974; Teisseyre, 1988). The river’s fluvial ac-
tivity was evident only in the form of a relatively small (albeit per-
manent, lasting for at least 1500 years) supply of clastic sedi-
ment to the peatland and the formation of an illuvial horizon in
the peat. The relatively low content of clastic sediment deliv-
ered to the peatland by river waters indicates that the river cur-
rent during floods was not sufficiently powerful to move the nu-
merous tree trunks and deposit them within the peatland sedi-
ments.

The floating chronologies of the pines as compiled (with
several germination and dying-off phases) cover the 6th—8th
centuries and the 8th—9th centuries AD (Fig. 3A, B). The begin-
ning of these chronologies is therefore coeval with the begin-
ning of the spread of Slavonic colonization since the 6th century
in the European areas (after depopulation during the Migration
Period 375-550 AD —see Fig. 7A). This colonization phase was
also noted in the interfluve of the Biata and Czarna Nida rivers
(Fig. 6C; Koztowski and Kaczanowski, 1998). The pine falling
phase coincided with a significant increase in climate humidity
in the 5th and 6th century with several fluctuations, which is cor-
roborated by several dying-off tree phases of this chronology.
After the Migration Period, pollen diagrams record a sudden in-
crease in anthropopressure in the Nida valley (NAP increase
above 50%; Szczepanek, 1961, 1982), although in the Mosty
profile this process was less pronounced (Fig. 5). Typically,
such element concentrations in the top layers of peatland sedi-
ments are associated with atmospheric deposition (Pawelczyk
etal., 2018). However, in this case, the higher element concen-
trations compared to the earlier illuvial levels could have been
more complex and originated both from atmospheric deposition
and from the delivery of waste from the smelting activity to the
alluvia (see Kalicki and Biesaga, 2024) or from mining activities
at Miedzianka Mt. (Rubinowski, 1971).

ORIGIN OF SUBFOSSIL TREE TRUNK IN THE LIGHT
OF DENDROCHRONOLOGY: DRIFTWOOD, RIPARIAN
FOREST OR BOG PINE WOODLAND

So far, the origin of all subfossil tree trunks in the deposits of
the Nida River or its tributaries (Czarna Nida and its tributaries:
Lubrzanka and Bielnianka rivers) has been associated with the
lateral migration of river channels (meanders) during the phase
of increased erosion. This was justified because most of these
tree trunks (black oaks, alder) were embedded in alluvial sedi-
ments (sands, silts; Fig. 7A and Table 3; Lindner, 1977; Ko-
walski and Swatdek, 1991; Ludwikowska-Kedzia, 2000; Ko-
walski, 2002; Krupa, 2013; Kalicki and Biesaga, 2024). How-
ever, the pine trunks at the Mosty site are buried in the organic
deposits of a fluviogenic peatland formed as a result of palu-
dification of an abandoned meander of the Biata Nida River
(Figs. 2, 3 and 7A). Therefore, an important issue for the recon-
struction of palaeoenvironmental changes in the interfluve of
the Biata and Czarna Nida rivers is to explain the origin of this
wood in the peat deposits.

A subfossil trunk of the oldest pine tree (Pinus sylvestris)
found in the Mosty peatland has preserved its butt end, still
rooted in the sandy substrate (Fig. 2A: 1), its fall dated to
10,198-9757 cal BP (Fig. 2A). This pine grew on sandy sub-
strate, before the onset of paludification of the Biata Nida
palaeomeander and it is likely a remnant of pine woodland that
then covered the Biata Nida River floodplain. The wide annual
growth rings indicate generally favourable growing conditions
for the tree. During the period in which the tree was growing,
neither cooling nor humidification of the climate in Europe was
recorded (Fig. 7A—C; Starkel et al., 2013). However, the subse-
quent several-fold reduction in tree ring width may signal a
short-term deterioration of ecological conditions, probably re-
lated to periodic flooding of the habitat by floodwaters of the
Biata Nida River. Interestingly, the age of this pine corresponds
to the temporal range of the pine floating chronology from the
Podemszczyzna site in the Sandomierz Basin (9980-9830
+165 mod. cal BP), i.e., the oldest chronology of bog pine in Po-
land, and Europe (Fig. 7C, site position on Fig. 8 — site 18;
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Fig. 8. Location of the Mosty peatland, compared to the location of the other European, and (separately) Polish
peatlands with subfossil tree trunks of Scots pine (Pinus sylvestris) and oak (Quercus sp.)

For site names and authors of chronologies — see Table 4, according to site numbers shown in Figure 7C

Margielewski et al., 2022a) (although older, late-glacial chronol-
ogies of pine have been developed, they do not apply to bog
pine growing on peatlands — see Dzieduszynska and Petera-
Zganiacz, 2012; Michczynska et al., 2018). The difference is
that the pines from the Podemszczyzna site (which is also a
fluviogenic peatland) represent bog pine woodland, while the
pine from the Mosty site grew before the formation of the Mosty
peatland (Margielewski et al., 2022a).

The trunk of a younger pine tree, occurring in the bottom
parts of the organic deposits of the Mosty peatland, fell in
~9426-9128 cal BP (Fig. 2B and Table 1). The course of the
tree ring curve also indicates generally good habitat conditions
during the tree’s growth (Fig. 2B: 3). Thus, like the older pine
tree, it grew on the sandy alluvia of the Biata Nida River (there is
sand on the trunk), though during the beginning of the Mosty
peatland paludification. Brief reductions in its tree ring widths,

suggest that it may also have been sporadically subjected to the
fluvial activity of the Biata Nida River (Fig. 2A: 3). Both pines,
therefore, used to grow in the same place on the Biata Nida
floodplain at the bottom of an abandoned shallow meander and
certainly do not represent driftwood. Pollen analysis of the bot-
tom sections of peatland deposits indicates a dominance of
Pinus with some

Picea admixture, and underrepresentation of riparian taxa
(Fig. 5). The pines analysed were not part of the riparian forest
which usually grows on river floodplains. They could have been
remnants of pine forests that grew on alluvial plains during the
climatic periods.

Another dated, younger subfossil trunk of Scots pine (Pinus
sylvestris) dated at ~2964—2632 cal BP fell during ~2815-2632
cal BP. Its tree-ring widths indicate that the onset of its growth
(the first 7 rings dated 2964—2782 cal BP) occurred under fa-
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Table 4

Sites with dendrochronologically analysed subfossil bog pine (Pinus sylvestris), and oak (Quercus sp.) in European
peatlands (sites: 1-11) and in Polish peatlands (sites 12-21, including the Mosty peatland)

F'i\égos'. °7f éit;}n%nS Name of site Tree species Author(s)
; Leuschner et al. (2007); Eckstein et al. (2011);

1 Northern Germany Pine, oak Achterberg et al. (2017, 2018)
2 Netherlands Oak Jansma (1996); Sass-Klassen and Hanraets (2006)
3 England Pine, oak Lageard et al. (1999, 2000)
4 Scotland Pine Moir et al. (2010); Moir (2012)
5 Ireland Pine, oak Pilcher et al. (1995); Torbenson et al. (2015)
6 Denmark Oak Edvardsson et al. (2016b)

: Gunnarson et al. (2003); Gunnarson (2008);
7 Southern Sweden Pine Edvardsson (2010): Edvardsson et al. (2012a, b)
8 Finland Pine Helama et al. (2004, 2020)
9 Lithuania Pine, oak Pukien¢ (2001); Edvardsson et al. (2016a)
10 Alps (Pinu':iggmbra) Nicolussi et al. (2005, 2009)
11 Southern Carpathians stone Pine Arvai et al. (2016)

Poland
12 Krakulice Pine Margielewski et al. (2023)
13 Rucianka Pine, oak Barniak et al. (2014)
14 Budwity Pine, oak Margielewski et al. (2024)
15 Imszar Pine Margielewski et al. (2022b)
16 Napoleonéw Pine Margielewski et al. (2023)
17 Mosty Pine this study
18 Podemszczyzna Pine, oak Margielewski et al. (2022a)
19 Jezioro Zawadowskie Fir (Abies alba) Margielewski et al. (2023)
20 Grel Pine Margielewski et al. (2022c)
21 Puscizna Wielka Pine Krgpiec and Szychowska—quplec (2016);
Krgpiec et al. (2016)

vourable ecological conditions, which rapidly deteriorated dur-
ing the tree’s growth. For most of the tree’s growth period, the
tree rings are extremely narrow (Fig. 2C: 3: compare with
growth curves A3 and B3 in Fig. 2). Itis very likely that the onset
of its growth coincided with marked drainage of the peatland, as
indicated by the highly decomposed peat. The sequence of ra-
diocarbon dating and the change in the rate of peat accumula-
tion indicate the possibility of a hiatus occurring here, probably
related to the cooling and drying of the climate at ~4.2 ka caus-
ing the temporary cessation of peat accumulation. Thus, the
tree was likely part of the bog pine woodland that entered the
peatland (germination phase) during its extreme desiccation
(after 4.2 ka), and then grew for quite a long time under condi-
tions of frequent water table fluctuations in the peatland caused
by flooding of the nearby Biata Nida River. The tree falling (tree
dying-off phase) was due to frequent floods (causing perma-
nent inundation of the peatland) associated with a significant in-
crease in fluvial and erosional activity of the Biata and Czarna
Nida rivers, recorded at the boundary of the Subboreal and
Subatlantic phases (2.8 ka event; see Kalicki and Biesaga,
2024). The timing of the germination phase, and tree dying-off
phase, correlates well with the floating chronologies of pines in
peatlands in Scotland, Finland, Lithuania, the Alps, and also in
Polish sites: Rucianka in Warmia region, Imszar in Podlasie, or
Puscizna Wielka in the Orawa-Nowy Targ Basin (see Figs. 7C,
8 and Table 4).

The floating chronologies of pine developed (13601187
mod. cal BP and 1158-976 mod. cal BP) based on the analysis
of tree trunks occurring in the upper parts of the peatland de-
posits, indicate the occurrence of alternating tree germination
and tree dying-off phases (Fig. 3A: 1, B: 1). The course of the
averaged dendrochronological curves developed for the float-
ing pine chronologies: 2MOST_A2 and 2MOST_A1, indicates a
periodic deterioration of ecological conditions of the habitat,
marked by a reduction in tree ring width. For the 2MOST_A2
chronology, this occurred in the periods ~1320-1299 +27 mod.
cal BP; 1275 +27 mod. cal BP; 1266-1258 +27 mod. cal BP
1248 +27 mod. cal BP and after 1222 +27 mod. cal BP (Fig.
3B). For younger pine chronologies (2MOST_A1) these reduc-
tions took place between 1108 and 1074 + 50 mod cal BP, while
long-term reductions, which are simultaneous with tree dy-
ing-off phases, were marked in the time intervals 1062—1038
+50 mod. cal BP and 1004-994 +50 mod. cal BP (Fig. 3A). The
course of tree ring curves with such trends (with alternating ger-
mination and dying-off trees phases is typical for bog pine
woodlands overgrowing peatlands and was associated with
lowering (germination phase) and periodic increase in water
level in the peatland, causing dying-off phases of trees
(Edvardsson et al., 2016a, b, 2022; Margielewski et al., 2024).
Such phenomena have been recorded in peatlands in Europe
(e.g., Leuschner et al., 2007; Edvardsson et al., 2016a, b, 2022)
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including Poland (Krapiec et al., 2016; Margielewski et al.,
2022a, b, 2024).

The subfossil pine tree trunks that accumulated in the upper
part of the Mosty peatland deposits could not have been drift-
wood transported with the floodwaters of the Biata Nida River,
i.e. tree trunks fallen during the undercutting of forest-covered
river banks, as was the case of black oaks in the Czarna Nida
valley in Wolica (Lindner, 1977), or the Lubrzanka in Cedzynia
(Kowalski and Swatdek, 1991), as well as in the Wista alluvial
deposits (Kalicki and Krapiec, 1995). The meanders were, after
all, cut off from the river, and were only locally flooded: either as
a result of the river flooding or through a rise in the groundwater
table, also related to the river’s activity. In the Mosty peatland
profile, illuvial horizons appeared in peats, which in various or-
ganic infills of the palaeomeanders of the Nida River and its trib-
utaries were referred to as “silty peats” (Kalicki and Biesaga,
2024 —see Fig. 1C — site 6). In the Mosty peatland profile, these
were never distinct clastic layers (muds, alluvial soils) forming
thick interbeds in organic sediments, typical of strong floods
(see Kalicki, 2006) or from long-term flooding of peatland
(Margielewski, 2018; Fig. 4A, C, D).

Everything indicates that the pines analysed from the Mosty
site overgrew the peatland area: both before its formation
(~10,198-9757 cal BP; Fig. 2A), and at various stages of its for-
mation: 2964-2632 cal BP and (floating chronologies)
1360-1187 +27 mod. cal BP and 1158-976 +50 mod. cal BP
(Figs. 2B, C and 3A, B).

Chronologies 2MOST_A2 and 2MOST_A1 are floating
chronologies. Developing absolute chronologies based on
these chronologies encounters problems because so far there
are few sites in Europe with developed pine chronologies for
this period (Finland, Lithuania, the Alps, Romania, while in Po-
land this is currently the only chronology), and, not all of them
are absolute chronologies (Fig. 7C and Table 4). The Miyake
effect, i.e., a single, rapid increase in *C content in wood of indi-
vidual annual rings, observed so far in the calendar years BP:
9126; 7360, 2610, and particularly: 1176-1175, and 956-955
(Miyake et al., 2012, 2013), can also be used to develop an ab-
solute chronology (see Krapiec et al., 2021). However, this re-
quires further research and funding.

CONCLUSIONS

Within the deposits of the Mosty fluviogenic peatland
(southern Poland), palaeoenvironmental changes have been
recorded in the interfluve of the Czarna and Biata Nida rivers,
occurring from the Boreal phase of the Holocene to the present.
The formation of the peatland (developed as sedge peats
1.54 m thick) in the abandoned palaeomeander of the Biata
Nida River (directly on Plenivistulian sands) began 9258 +130
mod. cal BP. In the upper Nida valley, this was a phase of com-
mon cutting off and paludification of the Biata and Czarna Nida
meanders. Dating of subfossil pine trunks found in situ in the

bottom parts of the succession indicates that the floodplain area
(still before peatland formation) was covered with pine forest. In
the deposits, a cold and humid climatic event ~8.2 ka cal BP is
marked by a flood horizon: a thin illuvial horizon was formed in
the peats, and the flood waters delivered significant amounts of
metallic elements (Fe, Mn, Cu, Zn, PB) to the peatland, sourced
from a natural ore deposit on the nearby Miedzianka Mt.

The long-term supply of clastic sediment to the peatland,
and the formation of the illuvial horizon in the peat during the pe-
riod 7348-5827 cal BP, were associated with increase in cli-
mate humidity during the Holocene climatic optimum
(~6500-5900 cal BP). The river’s fluvial activity is indicated by a
sudden increase in the concentration of heavy metal elements
in the peat. The distribution of radiocarbon dates and the de-
gree of peat humification indicate the possible presence of a
sedimentary hiatus (of undetermined time range), likely caused
by marked desiccation of the peatland at ~4.2 ka (a cold, ex-
treme event). The long-term desiccation of the peatland fa-
voured the encroachment of bog pine woodland onto the
peatland. This is indicated by a subfossil pine trunk dated to
29642632 cal BP, with very narrow tree rings, the fall of which
could have been related to the 2.8 ka event, when a phase of
particularly intense erosion was recorded in the upper Nida val-
ley.

In the upper parts of the peatland, formed from clayey and
highly decomposed peat (in effect reflecting peatland flooding),
subfossil pine stumps occur, based on which pine floating chro-
nologies were developed (1360-1187 mod. cal BP and
1158-976 mod. cal BP). These are remnants of bog pine wood-
land that encroached on the peatland (germination phase) dur-
ing drying of the peatland. The rising water level in the peatland
during the increase in climatic humidity and the flooding of its
surface by shallow floodwaters from the Biata Nida River (as in-
dicated only by illuvial levels in the peat, in the absence of
clastic levels typical of strong floods) resulted in tree dying-off
phases and falling tree stumps, which were later buried in the
sediments. Thus, subfossil pine wood buried in the Mosty
peatland deposits was associated with the pine woodland that
covered the floodplain of the Nida River (before peatland forma-
tion), and bog pine woodland, developed in various stages of
peatland formation.
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