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Abstract: During litho-stratigraphic studies of deposits in small mires in the upper basin of the Oder
River, mid-Holocene hiatuses identified by the presence of horizons of strongly decomposed peat
(HSDP), were identified at four sites. Radiocarbon dating results indicate long (10° years) breaks in
peat accumulation and the dates obtained from the underlying layers of deposit are inconsistent with
the pollen record. In order to explain these discrepancies, an attempt was made to recreate the condi-
tions of HSDP formation under the influence of endo- and exogenous factors determining peatland
productivity. In the light of macrofossil analysis, the development of HSDP during the Atlantic and
Subboreal periods, when the humidity of habitats decreased, occurred at an advanced stage of devel-
opment of swamps with Alnetea glutinosae forest communities. The gradual rise in water levels in the
mires that started in the Subboreal period and intensified during the Subatlantic period was recorded
as a slow shift in vegetation towards non-forest, sedge-moss communities belonging to the Mag-
nocaricion alliance or the Scheuchzerio-Caricetea nigrae class. One consequence of the mechanism
of HSDP formation is the existence of limitations on the dating of the duration of the dry phase owing
to the presence of organic matter of different ages in the degraded peat layer. The determination of the
age of wet phases offers better prospects. In the light of radiocarbon dating, which is essentially in
line with the pollen analysis results, the transition towards positive peatland productivity occurred be-
tween ca. 9™ century BC and 7" century CE.

Keywords: sedimentary hiatuses, moorsh horizons, climate change, palacobotanical analysis, Atlan-

tic period.
1. INTRODUCTION valuable indicator of paleohydrological changes in mires.
They not only indicate hiatuses in peat accretion, but also
Horizons of strongly decomposed peat (HSDP), indicate a long-term negative balance of peatland produc-
known as moorsh horizons in the Polish soil classification tivity in conditions in which there is a significant drop in
system and muck horizons in the terminology of North the groundwater level.

American agriculture (Okruszko and Ilnicki, 2003), are a
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On the territory of Poland, HSDP are usually ob-
served in acrotelm layers in modern peatlands. In the case
of minerotrophic mires, this usually applies to fens and
wet meadows populated by phytocenoses that are domi-
nated by sedges, and possibly to swamps overgrown with
forest communities including common alder (e.g. To-
maszewska and Kotodziejczyk, 2010; Forysiak, 2012;
Kotodziejczyk, 2013; Forysiak et al., 2014). Similar
processes can also be observed in ombrotrophic mires as
exemplified by the Rabien bog, which is being overgrown
by the Vaccinio uliginosi-Pinetum forest community
(Kloss and Zurek, 2005; Kloss, 2007). In most cases,
contemporary peat decay processes can be linked to hu-
man activities, and in particular to the agricultural use of
meadows and pastures (see Kotodziejczyk, 2013). Fossil
HSDP are more valuable for the reconstruction of paleo-
hydrological changes that were conditioned by climate.
Such changes have been recorded, inter alia, in Alneti,
Saliceti, Eriophoro-Sphagneti and Bryaleti peat layers
from the mires of eastern Poland and were used to con-
struct the chronology of dry and wet phases in the Late
Glacial and Holocene (Zurek and Pazdur, 1999; Zurek et
al., 2002). Despite the clearly indicated potential, there
are difficulties in using HSDP results in paleohydrologi-
cal studies. The problem is the asynchronicity of the
development of hiatuses at nearby sites. For example, in
peat deposits in central Poland, hiatuses are frequently
found that cover the Atlantic and early Subboreal periods
(Forysiak, 2012). In the Wilczkéw mire located within
the Warsaw-Berlin ice-margin valley and in the Kopan-
icha mire in the Rawka River valley, rapid peat accretion
was observed during the same period (Forysiak, 2012;
Forysiak et al., 2014). Another issue is the difficulty
associated with the precise determination of the age of
paleohydrological changes, which is manifested in radio-
carbon dates that are not in line with those derived from
pollen analysis. Problems of this kind arose e.g. during
the interpretation of the Machnacz III core on the
Biatystok Plateau (Zurek and Pazdur, 1999) as well as of
the Mianow core in the Ner River valley (Forysiak,
2012). Both categories of problems were encountered
during the interpretation of fossil HSDP discovered in
peat deposit sequences in valley mires in the upper basin
of the Oder River (see Nita and Wojcicki, 2005; Wojcic-
ki, 2013).

The article presents the results of research on the
chronology and determinants of HSDP development in
peat sequences in the Raciborz Basin and analyses the
relationships between plant succession and the productiv-
ity of the mires examined. In the context of the mecha-
nism of HSDP formation and the conditions that deter-
mine the resumption of peat accumulation, the limitations
of absolute dating of dry and wet phases with respect to
mires are discussed.
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2. MATERIALS AND METHODS

The study sites discussed are located in the Racibdrz
Basin (sensu Kondracki, 1998). According to data of
System Informacji Przestrzennej o Mokradtach Polski
(2006), 30 mires have been identified there, covering a
total area of ca. 1,340 ha (i.e. approximately 1.1% of the
area of the mesoregion). It should be noted that this list
does not include the small (less than 10 ha) but quite
numerous valley mires, which have mostly developed in
oxbow lakes. It is precisely these mires that were the
main focus of the studies conducted. In the course of
many years, nearly thirty peat sequences from the Oder,
Ruda, Ktodnica and Osobtoga River valleys were ana-
lysed (Wojcicki, 2000; Nita and Wojcicki, 2005; Wojcic-
ki et al., 2010; Wojcicki, 2013). Pollen analysis was
conducted for seven Late Glacial/Early Holocene mires;
mid-Holocene hiatuses were identified in as many as five
of those (including at the Chechto site in the Ktodnica
River basin). The accumulation of deposits correlated
with the Atlantic period using pollen dating was only
confirmed for the Ujazd/Zandrzyny (between Lany Mate
and Slawiccice in the Ktodnica River valley) and Zywo-
cice (Osobtoga River valley) cores. Fossil HSDP were
found at four sites, which are the subject of this article
(Fig. 1). These include the small (0.9 ha) and shallow (up
to 1 m) Ruda Kozielska fen developed in a Ruda River
oxbow lake (Fig. 1A); the shallow and fairly extensive
(about 11 ha) fen in Lany Mate that developed at the foot
of the Klodnica valley-sides (Fig. 1B); and the small
(1.6 ha and 2.0 ha respectively), but relatively deep (up to
2.7 and 4.0 m) fens developed in the abandoned channels
of the Ktodnica River, referred to as Stawigcice 1 (Fig.
1C) and Stawigcice 2 (Fig. 1D). A broader genetic and
lithological description of the aforementioned mires is
included in earlier publications (Wdjcicki, 2000; 2013;
Wojcicki and Kloss, 2008).

During the field studies, HSDP were identified as in-
tensively dark layers of amorphous peat (see Zurek et al.,
2002). Drilling was undertaken at the individual sites,
which confirmed the continuity of decomposed peat lay-
ers in the horizontal cross-section of the mires analysed.
Sediment cores with intact structure were collected using
a Russian D-Sampler. At the Stawigcice 2 site, the analy-
sis included a sequence of deposits collected at a distance
of about 10 metres from the thalweg zone in the pale-
ochannel because the record of peat decay was the most
visible in that zone (see Wojcicki, 2013). It should be
noted at this point that the black colour of peat layers can
also be related to a high concentration of sulphur com-
pounds (total sulphur >5%). Such a case was identified at
the Glogowek site in the Osobloga River valley. Radio-
carbon dating showed no break in the continuity of de-
posit accumulation at that depth (W¢jcicki, 2013).
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Fig. 1. Location of the Ruda Kozielska (A), tany Mafe (B) Stawigcice 1 (C) and Stawigcice 2 (D) study sites.

Laboratory methods were selected in order to verify composition of the subfossil peat-forming communities
the presence of HSDP in peat sequences (pollen analysis were established on the basis of macrofossil analysis. The
and radiocarbon dating) and to reconstruct the environ- analysis covered both vegetative remains and carpologi-
mental conditions that accompanied their formation. cal findings. Using the microscopic grid method, the
Firstly, on the basis of lithologic features, the cores exam- percentage shares of amorphous organic matter and car-
ined were divided into homogeneous sections, usually bonised phytoclasts in peat were determined. Pollen anal-
few centimetres thick. The origin of the deposits and the ysis was used to describe vegetation changes on a region-
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al scale and to assess the human impact on the environ-
ment in various phases of the Holocene. The presence of
charcoal and carbonaceous dust that provided evidence of
fires in the peatland area was observed during the analy-
sis. Samples for pollen analysis were prepared using 10%
KOH, 10% HCI, 40% HF and Erdtman’s acetolysis
method (Faegri and Iversen, 1978). The calculation was
based on the sum of tree and shrub pollen (AP) and of
terrestrial herb and dwarf shrub pollen (NAP). Radiocar-
bon dating was used to determine the absolute age of
deposits. Peat and wood samples as well as separate seeds
were analysed by conventional beta counting or AMS
methods at the Kyiv, Poznan and Gliwice Radiocarbon
Laboratories (Table 1). The radiocarbon dates were cali-
brated using the OxCal 4.2.4 radiocarbon calibration
programme (Bronk Ramsey, 2009) and IntCall3 atmos-
pheric curve (Reimer et al., 2013).

3. RESULTS

Ruda Kozielska Site

In the Ruda Kozielska core, the greatest degree of de-
composition is exhibited by peat at a depth of 60-51 cm.
The deposits in question are black (10YR2/1 according to
the Munsell Soil Color Charts) due to the presence of
carbonised plant tissues and humic substances. A sedi-
mentary discontinuity at a depth of 60—50 cm was reflect-
ed in the pollen analysis results. Abrupt changes in the
percentage share of pollens (including that of A/nus and
Poaceae pollen) can be observed in this zone (Fig. 2).
For a deposit sample from a depth of 55-51 cm, which
included alder root wood penetrating layers of degraded
peat, the date 46904350 cal BC was obtained. Pollen
spectra from this depth indicate the development of alder
forests in the river valley and of mixed deciduous forests

on inter-valley areas. Macrofossil composition documents
the development of a forest swamp dominated by com-
mon alder (Fig. 3). Above the HSDP roof, silty alluvia
are present which contain charcoals. In the overbank
layer, an increase in the share of sedge epidermis was
noted together with the encroachment of birch — probably
a reflection of regeneration processes after a fire on the
overdrying mire. The resumption of peat accumulation
was dated to the turn of the Common Era (Table 1, Poz-
23205). This occurred during late Holocene changes in
the local forest communities, which were related, inter
alia, to an increase in the share of oak, beech and horn-
beam and the decline in importance of lime and hazel.
Macrofossil analysis demonstrates that trees began to
recede from the peatland. In their place, sedge communi-
ties developed on a large scale, which also included
mosses, and habitat hydration increased, which is evi-
denced by the emergence of bioindicators of an aquatic
environment (Chironomidae and Cladocera remains).

Lany Male Site

The HSDP roof in the Lany Male core occurs at a
depth of 58 cm. The use of the radiocarbon method con-
firmed the discontinuity in deposit accumulation. The
dating of a sample from a depth of 63—-58 cm yielded the
result of 3510-2930 cal BC while the overlying peat layer
from a depth of 58-53 cm was dated to 1050-790 cal BC.
The presence of a stratigraphic gap is underscored in the
pollen diagram by the occurrence of very large quantities
of carbonaceous dust and just a few unidentifiable pollen
grains at a depth of about 58 cm (Fig. 4). Pollen spectra
from a depth of 75-60 cm still show the broad develop-
ment of pine communities with a small share of oak
(Quercus) and hazel (Corylus) characteristic of the early
Boreal, and the beginning of the development of alder

Table 1. Dated material and results of radiocarbon dating of sediments from the sites tany Mate (M), Ruda Kozielska (RK), Stawigcice 1 (Sw1) and

Stawigcice 2 (Sw2).
Core D(g::lt)h Dated material Lab. code 14(%;“?9 Cgtl).n;:‘?resszQASI‘;o)
36-38 seeds; i.a. Sambucus nigra Poz-23205 1975 % 30 50 BC-AD 80
RK 51-55 alder peat Ki-7161 5660 + 80 4690 BC - 4350 BC
85-89 alder peat Gd-10225 6010 £ 120 5230 BC -4610BC
21-26 mainly roots of Carex and Alnus periderm Ki-7583 1720 + 80 AD 120 — AD 540
M 53-58 alder peat Ki-7569 2720 £ 70 1050 BC - 790 BC
58-63 alder peat Ki-7570 4530 + 80 3510 BC - 2930 BC
86-91 alder peat Ki-7571 6240 £ 70 5360 BC - 5010 BC
33-38 alder peat Ki-7566 1305+ 70 AD 610 — AD 890
77-79  Rubus idaeus and Sambucus nigra seeds Poz-23206 2130 + 30 350 BC-50BC
Sw1  79-84 alder peat Ki-7567 3755+ 70 2460 BC - 1960 BC
150-155 Pinus wood Ki-7568 8050 + 80 7290 BC - 6690 BC
263-267 brown moss peat Ki-7157 9400 + 90 9130 BC - 8350 BC
28-32 sphagnum moss-sedge peat Ki-11229 200 + 60 AD 1520 - present
Sw2 70-72  Filipendula ulmaria, Sambucus nigra and Rubus idaeus seeds Poz-23211 1395+ 30 AD 600 — AD 680
72-84  alder peat Ki-13092 4290 + 60 3100 BC - 2690 BC
198-204 mainly roots and epidermis of reed Ki-11230 7480 + 60 6450 BC - 6230 BC

*OxCal 4.2.4 (Bronk Ramsey, 2009); IntCal13 atmospheric curve (Reimer et al., 2013)
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Fig. 2. Simplified pollen diagram from the Ruda Kozielska core, Ruda River valley.
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communities including elm (Ulmus) and ash (Fraxinus).
On the other hand, deposits from a depth of 5545 cm
can be associated with the Subboreal period, e.g. on the
basis of the presence of Carpinus, Fagus and Abies pol-
len. In peat below the depth of 58 cm, fragments of com-
mon alder wood and periderm clearly dominate (Fig. 5).
Numerous wood remains are carbonised. The composi-
tion of the peat, which indicates the development of the
Ribeso nigri-Alnetum forest community, does not change
substantially in the sample located above the HSDP roof.
Initially, only the increase in the share of periderm at the
expense of wood can be noticed there. Trees only recede
in the youngest mire development stage when sedge

5
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communities including Carex appropinquata spread
(Wojcicki and Kloss, 2008).

Stawiecice 1 Site

A layer of dark (5Y2.5/1), highly decomposed peat is
present in the Stawigcice 1 core at a depth of 108—79 cm.
The presence of a hiatus was confirmed by palynological
means. The analysis of a sample from a depth of 80 cm
revealed the presence of a non-pollen layer containing
large quantities of carbonaceous dust (Fig. 6). The pollen
spectrum of deposits from a depth of 85 cm indicates a
significant share of pine in the forest communities, which
is characteristic of the early Holocene, and insignificant
shares of alder, hazel and oak. On the other hand, the
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Fig. 5. Macrofossil diagram from the tany Mafe core, Ktodnica River valley.

presence of Carpinus, Fagus and Abies pollen in samples
collected at a depth of 75-65 cm suggests a correlation
with the late Holocene. In the light of macrofossil analy-
sis (Fig. 7), the upper HSDP layer is dominated by A/nus
glutinosa wood which, given the presence of Rubus idae-
us drupelets above, appears to provide evidence for the
development of a Ribeso nigri-Alnetum swamp forest.
Radiocarbon dating of the 84—79 cm layer yielded a result
of 2460-1960 cal BC. This is overlain by slightly lighter
(7.5YR2.5/1) peat still containing a high wood content,
which is characterised by an increase in the share of alder
periderm and sedge rootlets. Radiocarbon dating of a
sample from the 79—77 cm layer yielded a result of 350—
50 cal BC. With time, the trees receded from the mire and
were succeeded by sedge communities with species (C.
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elata and C. gracilis) characteristic of phytocenoses from
the Magnocaricion alliance.

Stlawiecice 2 Site

The highest share of amorphous matter (63%), ac-
companied by a high share of carbonised phytoclasts
(7%), was recorded in a level of dark (5Y 2.5/1) alder
peat at a depth of 84—72 cm. Macrofossil analysis demon-
strated the domination of common alder wood in this
level, accompanied by Carex and Equisetum rootlets and
epidermis. Radiocarbon dating of this layer produced a
date of 3100-2690 cal BC. Like the previous site, the
Stawigcice 2 core also includes a non-pollen layer at a
depth of about 80 cm that includes a large amount of
carbonaceous dust. Pollen spectra of the deposits underly-
ing this layer can be correlated with the older part of the



MID-HOLOCENE HORIZONS OF STRONGLY DECOMPOSED PEAT AND PROBLEMS OF DATING...

Trees and shrubs

Herbs and dwarf shrubs

Pteridophyta

Stawiecice 1

Carpinus betulus
~— Fagus sylvatica

Calibrated 14C
age [BC/AD]
Abies alba

50%

~ Fraxinus excelsior
P* Tilia cordata type

# Lithology
~ Salix
Ulmus
™ Corylus avellana

'Pinus sylvestris type
| Betula alba type

~. ™ Picea abies
™ Quercus

el
\
—

' Alnus

’

350-50BC
2460-1960BC

o

7290-6690BC

9130-8350BC

horizon of strongl
E=] peat Edecomposed pega¥ tree branches [F]

g

3]

<
l

[}
3
o0

od
> O
o

sandy
peat

Local pollen assemblage
zones (L PAZ)

Chenopodiaceae
Thelypteris palustris

Filipendula
" Rosaceae undiff.

Artemisia
‘Apiaceae
" Calluna vulgaris
Cerealia type
__Filicales monolete
Chronozones

40%

‘Rumex acetosella

1

(7]
@

S1-5 Carpinus-Abies-Tilia

S1-4 Pinus-Corylus-Alnus

BO

S1-3 Pinus-Ulmus

PB
S1-2 Pinus-Betula

S1-1 Pinus

Anal. M. Nita

3 d|I 740 i
g;%’:amc-uch sand

Fig. 6. Simplified pollen diagram from the Stawigcice 1 core, Ktodnica River valley.

SELAWIECICE 1
Calibrated 4C age [BC/AD]

DEPTH [cm]

Alnus glutinosa

2538
38-50
5064
64-79
7994
94-108
108-125
125-138
138-150)
150-162
162-175
‘ 175-188
3. 188-200)
g 200-220

220-240

240-254
254-267

1AD610-890

WM Pinus sylvestris

L 350-50BC
f2460-1960BC

r — Salix

T Befyla

7290-6690BC

267 ¥9130-8350BC

0 20" 40%0

LITHOLOGY [ =] peat [aa

Boreal period while the overlying deposits indicate the
late Holocene (Fig. 8). Carpological material (Filipendu-
la ulmaria, Sambucus nigra and Rubus idaeus seeds),
which was dated to cal AD 600-680, was obtained from
the overlying, less degraded peat at a depth of 70-72 cm.
In this sample, the shares of amorphous matter (47%) and
carbonised phytoclasts (5%) decreased (Fig. 9). The share
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of sedge remains temporarily increased at this depth in
the peat sequence but the macrofossil composition indi-
cates that a forest community dominated by common
alder was still present on the mire. Only from a depth of
32 cm upwards is the complete disappearance of trees
from the mire noticeable coupled with the development
of sedge-moss communities with a significant share of
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Sphagnum mosses. This phase was preceded by the ap-
pearance of Cladocera remains as bioindicators of an
aquatic environment.

4. DISCUSSION

The endo/exogenous conditions accompanying the
selective development of HSDP in the mires of the
Racibérz Basin

The mid-Holocene peat decay was not recorded in all
peat sequences in the Raciborz Basin. In the light of radi-
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ocarbon dating, it is evident that during the Atlantic Peri-
od a relatively high accumulation rate of ca. 1 mm/year
was exhibited by the Ujazd/Zandrzyny site where, given
higher habitat humidity, Phragmitetea class communities
developed (Wojcicki, 2013). These were dominated by
common reed and sedges. On the Zywocice site, no
HSDP formed in the middle Holocene despite the devel-
opment of a forest dominated by alder at that time
(Wojcicki, 2000). These examples show that HSDP could
only form where a proper combination of climate and
local factors existed. First of all, the mires had to be at an
advanced stage of development so that the plant commu-
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nities overgrowing them could respond to signals of hy-
drological change.

Paleobotanical analyses demonstrate that HSDP could
develop in shallow mires formed both as a result of the
paludification of distal floodplains (as in the case of the
Lany Matle site) and the terrestrialisation of relatively
deep oxbow lakes (as at the Stawigcice 1 and Stawigcice
2 sites). A common feature of all the study sites is that
peat decay took place at the stage when a forest swamp
community dominated by common alder developed.
These observations contribute to the broader debate con-
cerning the productivity of alder swamps (see Tobolski,
2000). While the peat-forming abilities of alder forest are
unquestionable (Marek, 1965), in the forest phase of mire
development a decrease in accumulation rate or even the
decay of previously accumulated deposits is usually ob-
served (e.g. Grosse-Brauckmann, 1986; Harmata, 1995).
The reasons for this state of affairs can be complex. Alder
swamps receive direct precipitation as well as ground-
water inflow, with a small role of inundation waters
(Matuszkiewicz, 2005). The consequence of such water
relations may be the periodic advantage of aerobic pro-
cesses in the acrotelm layer, with peat aeration in forest
habitats potentially increased due to the penetration range
of tree root systems (Tobolski, 2003). Either way, the key
issue for the development of HSDP is the fact that the
spread of alder forests in river valleys and the hydrologi-
cal changes observed in North-Western and Central Eu-
rope (within the zone affected by the North Atlantic)
were synchronous events. The results of paleohydrologi-
cal studies provide ever more evidence that in the more
recent part of the Atlantic period, water levels lowered in
both lakes (e.g. Ralska-Jasiewiczowa and Starkel, 1988;
Magny et al., 2003) and mires (e.g. Rybnicek and
Rybnickova, 1987; Zurek et al., 2002; Caspers and
Grosse-Braukmann, 2003). In central Poland, hiatuses
during the Atlantic and Subboreal periods have been
identified, inter alia, in the Bartochow, Ner-Zawada,
Milanéw, Korzen, Beczkowice, Lugi and Jozefka cores
(Forysiak, 2012). In southern Poland, hiatuses from the
Atlantic period have also been found, including, inter
alia, at the following sites: Nowa Huta in the Vistula
River valley (Kalicki and Zernickaya, 1995), and Stopiec
(Szczepanek, 1982) and Napekow (Ludwikowska-
Kedzia, 2000) in the Belnianka River valley. In the
Roztoka A and B, Jasto and Tarnowiec cores (the Jasto-
Sanok Depression), the accumulation of peat was inter-
rupted or reduced (Harmata 1987; 1995).

After a period of peat decay, a return to peat accumu-
lation was observed during the late Holocene in all the
cores examined. Macrofossil analysis shows that changes
in the peatland balance of productivity had already started
at the time when swamp forests dominated by alder pre-
vailed. The peat layers directly overlying the HSDP roof
in the Lany Male and Stawigcice 1 cores contain even
more tree remains. The increase in the share of periderm
could have been the result of the accumulation of above-
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ground remains on a long-term stable mire surface. Over
time, the composition of the remains preserved in the
peat, which resumed its accumulation, changed, reflecting
the adaptation of plant communities to more humid habi-
tats. In the sequences of deposits analysed, a shift was
observed towards non-forest, sedge-moss communities
belonging to the Magnocaricion alliance or the
Scheuchzerio-Caricetea nigrae class. The increase in
habitat hydration was confirmed by the appearance of
bioindicators of an aquatic environment (Cladocera and
Chironomidae remains). The directions of succession
described above testify to the slow transformation of
habitats under the influence of elevated water levels in
mires. These changes cannot be explained as the effect of
endogenous factors. They must have been caused by
climate conditions or human impact. Radiocarbon dating
indicates that they can be correlated with the appearance
of settlements of prehistoric cultures in the study area: the
Lusatian culture between the 9™ and 3(?) centuries BC
and the Slavic settlement from the 7"/8" century onwards
(Abtamowicz and Snieszko, 2001; Foltyn et al., 2004). At
that time, significant deforestation had occurred, which
must have affected water relations in the valley bottoms.
However, pollen analysis does not provide conclusive
evidence in this respect. Indicators of human activity
appear in the Lany Mate core alongside the resumption of
peat accumulation. At the Ruda Kozielska and Stawigcice
2 sites, pollen of grain, forage and weed species occurs
slightly later than in the Lany Male core. In general, it
appears that the transition from the dry phase to the wet
phase registered in Polish peat sequences was not a syn-
chronous one (Fig. 10). According to Zurek et al. (2002),
the increase in humidity occurred on the boundary be-
tween the Atlantic and Subboreal periods. However, the
studies conducted in the Belnianka River valley indicate
that the resumption of peat accumulation in the Stopiec 11
core started in the mid-Subboreal period (Szczepanek,
1982). According to palynological determinations, in the
Napegkow 8 core the accumulation of peat began between
ca. 3800 and 2800 cal BC, but only gathered pace in the
middle Subboreal period (Ludwikowska-Kedzia, 2000).
The accumulation of peat in the Nowa Huta core in the
Vistula River valley probably resumed during the Sub-
boreal period (Kalicki and Zernickaya, 1995). On the
other hand, the resumption of peat accumulation at most
sites in central Poland, (including Bartochow, Ner-
Zawada, Beczkowice, Wilczkow, Lugi and Jozefka), is
associated with the Subatlantic period. This only occurred
in the Subboreal period in the Milanéw and Korzen cores
(Forysiak, 2012).

A model of HSDP formation and the problem of da-
ting dry and wet phases in mires

The mechanisms that determine mire productivity
sometimes make it difficult to date wet and dry phases in
mires since '*C dating results are inconsistent with pollen
data.
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Particular methodological problems are related to the
dating of dry phases during which HSDP form. Pollen
spectra from a depth of 75-60 cm in the Lany Mate core
enable the correlation of sediments with the Boreal peri-
od, which is inconsistent with the date of 3510-2930 cal
BC (at a depth of 63—58 cm). A similar situation occurs at
the Stawigcice 1 site where the date of 2460—1960 cal BC
was obtained at a depth of 84—79 cm. While at a depth of
80 cm a non-pollen layer was present, just below it (at a
depth of 85 cm) pollen spectra indicated the Boreal peri-
od. In the Stawigcice 2 core, pollen spectra from a depth
of 10090 cm suggest also an early Holocene age, which
is inconsistent with the date of 3100-2690 cal BC (at a
depth of 72-84 cm).The above results demonstrate that
HSDP contain organic matter of different ages — both
from the period in which the decay process took place
(mainly intrusive alder wood) and older, usually strongly
decayed matter from the degraded peat layer. The signifi-
cant age difference between pollen analysis results and

that the post-
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Fig. 10. Age-depth models of the studiied cores. Subboreal period. Deposits from the top HSDP layer, at a
depth of 55-51 cm, were dated to 4690—4350 cal BC, i.e.
to the Atlantic period. In general, pollen spectra from that
depth are not inconsistent with that date. On this basis, it
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can be assumed that at the end of the Atlantic period, the
productivity of the Ruda Kozielska mire could have been
balanced. Organic matter decomposition processes were
mainly synsedimentological ones and complete minerali-
sation of the previously accumulated peat, which would
have resulted in the lowering of the mire surface, did not
occur.

Radiocarbon dating of the samples that directly over-
lie HSDP, and in particular the application of the AMS
method to the carpological remains deposited under con-
ditions of a positive balance of productivity, should in
theory enable the determination of the age at which the
wet phase began in the mire in question. However, the
verification of the dates obtained using pollen analysis is
not an easy matter, and in some places it is ambiguous
due to the absence of clear diagnostic features, sedimen-
tation discontinuity and limited deposit thickness.

Most doubts arise in connection with the Stawigcice |
core where the resumption of peat accumulation was
dated to 350-50 cal BC using the AMS method. On the
other hand, the analysis results of pollen deposits lying at
that depth, e.g. high levels of Tilia cordata type pollen
(12%), suggest the Subboreal period. Correlation with the
Subatlantic period — in accordance with the AMS date
obtained — is also possible, since the high proportion of
lime pollen may have been caused e.g. by local condi-
tions in the vicinity of the site. On the other hand, simi-
larly high levels of lime pollen with low shares of
Carpinus, Fagus and Abies were found at the nearby
Ruda Kozielska and Las Turbina (Wojcicki and Nita,
2016) sites just below the boundary between the Sub-
boreal and Subatlantic periods. This is a fairly strong
argument for correlating this part of the Stawigcice 1 core
with the Subboreal period. However, even in this case the
discrepancies between dating and pollen analysis results
are not large. They could have been caused by a pro-
longed period of balanced productivity that preceded the
phase in which peat accumulation resumed.

At the remaining sites, pollen analysis results appear
to be broadly consistent with '*C dates. In the Stawiecice
2 core, the resumption of peat accumulation occurred in
the 7™ century CE according to AMS dating. In the light
of pollen analysis, a correlation between the deposits
examined and the Subatlantic period cannot be ruled out,
e.g. on the basis of the increase in the level of Pinus syl-
vestris type pollen. At the Lany Male site, the resumption
of biogenic deposit accumulation was dated to 1050-790
cal BC. The sample pollen spectrum points to the Sub-
boreal period. The boundary between the Subboreal and
Subatlantic periods within the sequence is presumably
slightly higher and is represented by the decline in the
levels of Tilia cordata type and Corylus avellana pollen.
The low values of Carpinus, Fagus and Abies pollen
recorded at the sites surveyed may be the result of over-
representation of alder pollen. The resumption of peat
accumulation in the Ruda Kozielska core occurred be-
tween 50 cal BC and cal AD 80 according to radiocarbon
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dating and this is consistent with the pollen analysis re-
sults. In the light of archaeological research, the agricul-
tural colonisation of the lower reach of the Ruda River
only commenced on a large scale in the Middle Ages
(Foltyn et al., 2004), which may have contributed to the
subsequent appearance of crop and synanthropic plant
pollen in the pollen diagram.

5. CONCLUSIONS

1) The studies conducted in the Raciborz Basin con-
firmed that fossil HSDP, which are characterised by
a dark colour, a high proportion of humic substances
and a decrease in the concentration and preservation
levels of pollen grains, are evidence of long-term
overdrying of the acrotelm layer. This is demonstrat-
ed by the presence of hiatuses, whose occurrence is
indicated by sudden spikes in the pollen curves and
by radiocarbon dating results that point to breaks of
the order of 10° years in the accumulation of depos-
its, and also by traces of peat fires in the form of
charcoal and carbonaceous dust.

Peat cores from the Raciborz Basin contain records
of wet and dry phases, which are increasingly fre-
quently identified in the history of Central European
mires. Pollen analysis demonstrates that the hiatuses
cover the Atlantic period and at least partly the Sub-
boreal one. The resumption of peat accumulation oc-
curred in the late Holocene, although both pollen da-
ta (which point to the Subboreal or Subatlantic peri-
od at individual sites) and radiocarbon dating (rang-
ing from 1050-790 cal BC to cal AD 600-680) ap-
pear to indicate that the process was not synchro-
nous.

In the light of the results obtained, it appears that the
condition for HSDP development was the simultane-
ous presence of endogenous (the advanced develop-
ment stage of mires with forest communities of the
Alnetea glutinosae class) and exogenous factors (the
decrease in habitat humidity, probably caused by
climate conditions). The resumption of peat accumu-
lation occurred under conditions of elevated ground-
water levels, which were caused by exogenous fac-
tors (a more humid climate and/or changes in surface
runoff as a result of agricultural activity in the
catchment). This was evidenced by the development
of non-forest, sedge-moss communities belonging to
the Magnocaricion alliance or the Scheuchzerio-
Caricetea nigrae class.

The dating of phases with a negative balance of mire
productivity should be approached with caution,
since HSDP contain organic matter of different ages.
Studies have shown that in the case of postsedimen-
tological peat decay involving ever deeper peat lay-
ers, '*C dates differ significantly from the
chronozones determined using palynological meth-
ods. This indicates that when determining the age of

2)

3)

4)
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dry phases, the dating of pollen, carpological finds or
above-ground vegetation remains (e.g. mosses) is not
useful since they could have been preserved from the
earlier phases of mire development. The dating of in-
trusive wood enables the determination of the devel-
opment age of the forest formation, which, however,
is not necessarily the same as the HSDP development
age.

The correlation between pollen analysis and '‘C
dating results indicates that it is possible to reliably
determine the age of the boundary between dry and
wet phases in mires.

5)
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