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Abstract: Lithological analyses and radiocarbon dating were used to elucidate the patterns and con-
trols of Late Quaternary valley floor development of the Ktodnica River, the Upper Odra Basin. The
research results were discussed with data obtained from valleys of rivers draining piedmont basins
and highlands of southern Poland. In consequence, five stages of morpho-sedimentary evolution of
the Klodnica valley were distinguished. In the Late Vistulian a large-scale deposition of channel allu-
vium took place in the conditions of high river discharges. This sedimentary style probably still ex-
isted in the Early Pre-Boreal as long as open grass communities survived in the Ktodnica catchment.
The next phase, in the Late Pre-Boreal and Boreal, is characterized by a significant increase in accu-
mulation rate of biochemical facies.. The considerable restriction of minerogenic deposition was con-
nected with widespread of forest and gradual limitation of the river discharges. The third stage began
at the decline of the Boreal and was defined by decrease of accumulation rate or even biogenic accu-
mulation break. Synchronously, periodic increases of fluvial activity were noticed in the form of cut-
offs of meander loops and overbank deposition in oxbows. The beginning of the fourth period took
place not earlier than in the Early Sub-Boreal. This stage was distinguished by renewed peat
growth/increase in biochemical accumulation rate and periodic increase in alluviation, generally tak-
ing place in the conditions of low channel-forming flows. The latest phase (from the Middle Sub-
Atlantic till now) is characterized by common initiation of slope deposition and a rapid increase in
fluvial sedimentation, especially overbank and tributary fan facies. An increase in minerogenic depo-
sition occurred in response to human impact, which became more significant from the Roman Period
and occurred on a large scale from the early Middle Ages. Older settlement phases, including intense
settlement from the Hallstatt Period, were not clearly recorded in the Ktodnica valley fill.

Keywords: Fluvial system; Alluviation; Climate change; Human impact; Geochronology; Temperate
zone

1. INTRODUCTION

Many years of research on valley fills architecture,
conducted in different climatic zones, led to the identifi-
cation of numerous depositional environments and corre-
sponding facies of deposits (Table 1). Application of
methods of absolute chronology allowed establishing that
accumulation rate of each facies of deposits was varied
through time in response to climate change and human
impact. Palaecogeographical reconstructions based on
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deposit accretion through time focus usually on a speci-
fied genetic group of sediments considered as an indica-
tor of environmental changes. The fluvial sediments,
especially overbank facies arouse main interest. On the
basis of that, flooding episodes connected with climate
deterioration or deforestation for arable farming are re-
constructed (e.g. Kalicki, 1996; Starkel, 2001; Benito et
al., 2003; Lewin et al., 2005 and Macklin et al., 2006).
Numerous studies are also devoted to channel facies in
order to identify periods of increase in fluvial activity
leading to avulsions and forming new meander belts (e.g.
Tornqvist, 1994; Starkel et al., 1999; Berendsen and
Stouthamer, 2002; Morozova and Smith, 2003 and Ka-
licki, 2006). Magnitudes of biochemical accumulation
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Table 1. Facies of valley-fill deposits depending on a zone of the fluvial system.

Zone of the
fluvial system

Main types of facies depending on depositional process or environment

Selected references

Sediment source-
area (especially in
mountain areas)

Slope f., including mass-movement f. 12345 (rockfall'-345, debris/mud flow 2345,
landslide'# and avalanche f.3#) and sheetwash f.23; Fluvial f.2345; Glacial*# and
glaciofluvial f.4; Lacustrine f."45; Aeolian f.4;

"Crouzet et al., 1999 ;
2Holmes et al., 2003;
3 Schrott et al., 2003;
4Kamp et al., 2004;
5Friele et al., 2005;

Transfer zone

Fluvial f. including channel f.1.23457 (channel lag?3, bar®45 and point bar f.234),
overbank 123457 (natural levee'?, crevasse splay?, flood-basin fill2 and abandoned
channel/palaeochannel fill f.237) and alluvial fan f.2; Aeolian 23456 (dune245, sand
sheet* and loess f.45); Slope f."238 including mass-movement f. (landslide?, de-
bris/mud flow'® and gelifluction f.!:2) and sheetwash f.25; Lacustrine f.!47; Back-
swamp fen/bog-type f.!; Glaciofluvial f.37;

"Rose et al., 1980;

2 Alexandrowicz et al., 1981;
3 Koutaniemi, 1987;

4 Ashley and Hamilton, 1993;
5Malik et al., 1999;

6 Melis and Acworth, 2001;
"Matoshko et al., 2002;

Fluvial .345 (channel'35 and floodplain f.15); Fluvial/tide/wave-dominated estuarine
f.1245 (central-basin f.4); Fluvialtide/wave-dominated delta'?, bayhead-delta®* and
tidal-delta f.45 (including subaerial delta plain22, delta front235 and prodelta f.!235);

TLietal., 2002;
2Taetal., 2002;

Area of deposition

Beach ridge f.23; Washover f.5; Swamp/marsh/mangroves f.!245; Lacustrine/lake
f.15; Tidal/intertidal flat f.!24; Tidal bank*and tidal ridge f.!; Barrier/barrier-island
f.1345; Shallow-marine f.! (open-bay f.2, inner-shelf £.5 and lagoon f."35);

3Bhattacharya and Giosan, 2003;
4Heap et al., 2004;
5 Aguzzi et al., 2007;

and especially peat accumulation rate are treated as proxy
indicators of groundwater table changes within valley
bottoms (e.g. Koutaniemi, 1987; Rybnicek and Rybnick-
ova, 1987; Ralska-Jasiewiczowa and Starkel, 1988 and
Bohncke and Vandenberghe, 1991). Besides, they are
generally related to the periods of stability of morpho-
sedimentary evolution due to climate improvement or a
low level of human activity (e.g. Wasylikowa et al., 1985
and Macaire et al., 2006). The calculation of coastal
marshes sedimentation rates plays an important role in
reconstruction of relative sea-level changes (e.g. White et
al. 2002 and Nikitina et al., 2003). The presence of ae-
olian facies may prove the periods of arid climate (e.g.
Malik et al., 1999; Holliday, 2000 and Melis and Ac-
worth, 2001).

The aim of this paper is to establish chronology of
sediments building Late Vistulian and Holocene valley-
fill of the Klodnica River. Obtained for the Klodnica
valley model of sedimentation style changes under the
influence of the environmental factors was compared
with data obtained from valley fills of rivers draining
piedmont basins and highlands of southern Poland.
Common features of distinguished fluvial systems are:
(1) the location beyond range of Scandinavian Ice Sheet
in the periglacial zone of the last glaciation, (2) the drain-
age of areas with domination of loose Quaternary depos-
its including those with major loess participation, (3) the
gradient of the main river characteristic for highland
rivers.

2. REGIONAL SETTING

The Klodnica drainage basin, with the area of 1084.8
km?, occupies the Silesian Upland and the Racib6rz Ba-
sin, southern Poland (Fig. 1 A and B). The Klodnica
River is 75.3 km long with an average gradient of 1.82
m/km. It was a meandering river before regulation, in all
probability with an equable hydrological regime. Present
flow fluctuations (Fig. 1 B1) are probably smaller than in
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the past, which is connected with the construction of
dammed reservoirs (Dzierzno Duze, Dzierzno Male,
Plawniowice) as well as water utilization for the Gliwice
Canal requirements (Absalon et al., 1996). The Ktodnica
River drains areas with domination of glacial and flu-
vioglacial deposits of the Odranian (=Saalian) Glaciation
and — in the investigated, lower part of the catchment area
— also Vistulian loesses (Fig. 1 B2).

The studies were conducted in the lower course of the
valley, where the Klodnica River flows through glacial
and outwash plains (Fig. 1 B3). According to Schumm’s
(1977) classification, the analysed reach of the valley
belongs to transfer zone of the fluvial system. The valley
bottom is relatively broad there (800-1000 m) and has a
smooth longitudinal profile with a gentle gradient (about
Im/km). Late Vistulian and Holocene deposits, which
were the focus of attention, are located on the whole
width of the valley bottom, whereas the older Pleistocene
terraces do not appear. Exact investigations of the Ktod-
nica valley fill were possible thanks to sand exploitation
in Dzierzno in the middle course of the valley. As a re-
sult, the structure of valley fill was exposed and described
by Jahn (1955). The valley is cut out in marine deposits
of Miocene age and thickness of valley-fill deposits reach
approximately 20 m (Fig. 1 C). The lowest unit within
the valley fill is composed of sands and gravels with
domination of local limestone and dolomite and admix-
ture of glacial crystalline rocks. On the top of the layer
there are huge Scandinavian boulders that are considered
as the remains of moraine of the Odranian ice sheet.
Above, there is a two-metre thick series of cryogenically
disturbed fine-grained sands and silts containing Pleisto-
cene mammal bones, e.g. probably the remains of the
Steppe mammoth (Mammuthus trogontherii) among
them. These sediments are interpreted as swampy depos-
its of the valley bottom which were formed with partici-
pation of solifluction flows during the Vistulian. Basic
series of deposits with a thickness reaching 18 m present
horizontally bedded homogenous sands with cryo-
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A. LOCAT'ON MAP River valleys of southern Poland mentioned in this paper;

€ BELNIANKA Valley © ODRAValey @ RUDAValley VISTULA Valley: alluvial fans of
the RABA and USZWICA Rivers
e JASIOLKA Valley a OSOBLOGA Valley @ SAN Valley 0 VISTULAvalley: alluvial fan
€© VAN Valley (Mleczka River basin) @) PRUDNIK Valley P SLOCINAand BUDZISZ Valleys of the DUNAJEC River
© VDA Valley © PSARKA Valley @ VISTULA Valley in Oéwiecim Basin O WEPRZ valley
VISTULA Valley in the western part
e NIDZICA Valley @ PSINA Valley @ it @ WISLOKA Valley

B. THE KLODNICA FLUVIAL SYSTEM

B1. HYDROLOGICAL REGIME" B2. BEDROCK LITHOLOGY ™) B3. RELIEF
*) Calculation on the basis of hydrometric data for 1951-1980 **) Calculation based on 'Podziat hydrograficzny F;cgzlél' @ Upland and hummock
Mean monthly discharge coefficient - calculated as the ( ) composed of hard rocks
ratio of average monthly discharge to the yearly average dscharge Clay locally sand and gravel 1.0%
Nov|DEec] Jan [FE[MaRr APRlMAYl\JUNElJULYl AUGlSEPT!OCT [ cess; sandy:and clayey oess 48% E QOutwash plain

Sandy plain,

{ P T : 1.4
16 1 Gauging station: Lenartowice [: 13 Sandjmudiand peat in river valleys  11.0% _ :
12 locally with dunes
1.1 " ; 2.0%
1.0

-
Till, sandy till,and till residuL}Jm 73.2% M Loess plateau

Conglomerate, sandstone, mudstone, 4.7%
and claystone with hard coal : % Glacial plain

Greywacke, conglomerate,
sanélstone, shalgand limestone 0.5%
Average monthly discharge [m3/s] Limestone, marl and dolomite 2.8% D Valley

C. THE KLODNICA VALLEY FILL AT DZIERZNO ™

***) A scheme according to Jahn [1955], S
partly modified

Subiject of studies (Late Vistulian and Holocene deposits)
i . . 1} e
clay with mollusc shells; marine deposits; | e B T G e
n the Miocene i \\—_ I mmmﬂl
E sand and gravel; terrigenous, probably fluvial ‘(\ﬁ
deposits; the Pliocenefearly Pleistocene? ] N
till and erratic boulders; glacial till and its residuum; ‘ .
the Pleistocene - the Odranian (=Saalian) Glaciation

fine-grained sand and peaty mud; solifluction structures, involutions;
bones of Pleistocene mammals; slope and valley floor deposits
accumulated in periglacial conditions; the Pleistocene - the last glaciation

coarse-grained sand locally with gravel, sand with humus; horizontal bedding; ice-wedges, Exaggerated scale: =
B involutions; fluvial deposits accumulated in periglacial conditions; the Pleistocene - the last glaciation m 20
ﬂ sand and mud; tree trunks; mainly fluvial deposits; the Late Vistulian and Holocene Om 500
Fig. 1. Location of the study area (A), characteristic of the Kfodnica River and its drainage basin (B) and lithology of the Ktodnica valley fill (C).
turbation structures. These fluvial deposits were formed the Late Vistulian and Holocene. They are the objective
during the last glaciation in conditions of more humid, of the investigation presented in this paper.
still periglacial climate though. The highest layer contains
grey, fine-grained sands and silts with tree trunks and 3. MATERIALS AND METHODS
peat lens. The thickness of that unit is changeable, but
does not exceed 3m. Jahn (1955) attributed these sedi- Facies analysis of the Ktodnica valley fill is based on
ments to the Holocene. Current research showed that the examination of 16 sequences of deposits (Fig. 2). The
these are deposits of a meandering river system formed in exposures and the cores were situated within varying in
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UJAZD/ -
ZANDRZYNY FOLWARK KOBYLEC LAS CZAJKA
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WYDZIEROW

HUTA PILA
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210maa| ““x -
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$gm&gg£cmom - FACIES: =] channel [[[[[[]] overbank EFFEE] MUY [Ty slope [I] biochemical [ other
oS ene (5T Wl | o SEPIMENTARY o her ] proine! [ oxpons [ig] beckswamp [ butary fan [g]vatey siove
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r8| - Pre-Boreal Interval " cpisg LITHOLOGY: peat with carbonate layers  loamy/sandy peat  loamy sand gravelly sand

“C DATES uncal BP KEY:- carbonate deposits [c] peat [p] loam [] sand [s] sandy gravel [g]

Fig. 2. Lithostratigraphy and genetic interpretation of the Ktodnica valley-fill deposits.

age fragments of the valley bottom and the analysed
sequences represent the series of deposits accumulated
within diverse sedimentary environment. Nevertheless,
most drills were located within oxbow fills where local
conditions favoured sedimentation and preservation of
deposits (see Lewin and Macklin, 2003). Furthermore
biogenic deposits, which appear there, enabled dating of
the recorded events (Wojcicki, 2006). In order to classify
deposits to individual facies lithological features of sedi-
ments were analysed and morphogenesis of landforms,
composed of them, was defined (Wojcicki and Nita, 2004
and Wojcicki, 2006). Depending on the place of deposi-
tion, within fluvial facies assemblage, channel and over-
bank facies were distinguished (Fig. 3). Deposits of allu-
vial fans located at the mouth of perennial streams as well
as deposits of proluvial fans developed at the mouth of
ephemeral streams to the main valley were numbered
among tributary fan facies. The term ‘slope facies’ is
used in this paper for deposits accumulated by mass-
movement processes or sheetwash. Authogenic deposits
connected with natural depression of floodplain (e.g.
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peat, carbonate sediments) were specified with one com-
mon term ‘biochemical facies’.

Geochronology of deposits was recognized on the ba-
sis of 39 '*C datings made in Kiev, Gliwice and Poznan
Radiocarbon Laboratories. The following principles were
assumed at the interpretation of obtained radiocarbon
dates (see Starkel et al, 2006): (1) a sample collected
within dating layer — obtained date corresponding with
age of accumulation; (2) a sample collected from the top
of underlying deposits — dating layer younger than ob-
tained date; (3) a sample collected from the base of over-
lying deposits — dating layer older than obtained date. In
the case of palacosols a possibility of long-term break in
sedimentation of deposits was taken into consideration
(see Bluszcz et al., 2007). Dating both humic-rich hori-
zons and overlying layers at the Lany Mate, Slawigcice
and Stawigcice 2 sites confirmed the occurrence of hia-
tuses lasting even a few thousand years. The other prob-
lem was an interpretation of dating results of peat sam-
ples containing organic remains of various ages. Intrusive
components (roots of trees, reeds and sedges) appear in
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deposits collected at the tany Male, Stawigcice,
Stawigcice 2, Stawigcice Kolonia and Las Czajka sites.
‘Contamination’ by younger organic matter had undoubt-
edly negative influence on dating results especially for
shallow sequences of deposits (at the Lany Mate and Las

Czajka sites) constantly remaining within a range of
modern roots.

In the cases of the Lany Male, Huta Pila and
Stawiecice sites, radiocarbon chronology was supported
by palynological analysis (Nita and Wojcicki, 2005).

FACIES GEOMORPHIC SETTING LITHOLOGY
( 0/ 97| Site tany Make/Bany as an exal tany Mate/Bany 100 1. Minerogenic, mainly quartz clasts;
Yo 200 - §| exposure cm
- =" I | suapistiom: t1.‘]. G(lj'jvely sdand ‘ Mz
. | : o muddy san
d - usually horizontal 4 2 0 2 4 6 8
lamination or ripple 1
=u | cross-lamination 1.2, common . ‘ G,
=0 medium sorted
< | . 0 1 2 3 4
T 0 Upward-fining
(] = 1.3. Symmetrical or Sk
Platform: usually negatively skewed |
Depositional forms of cross-stratification 05 01 03 07
meandering river: lateral bars; . .
chute bars; scroll bars Common channel-lag 2. Buried trunk and branch of trees possible
Site any Mate/Bany as an example tany Mate/Bany 1. Minerogenic, mainly quartz clasts;
M‘p“sure ¢ 1.1. Mud (distal floodplain) or
Proximal floodplain: fine sand/muddy sand Mz
§ usually normal (proximal floodplain) s—r—p—FEFPEREET=
(%) grading or rhythmical
g w bedding 1.2. Common very poorly - 5,
¥ © | Distal floodplain: sorted 0 T 2 3 a4
[1m] E | massive structure Sk
8 or poor horizontal 1.3. Usually very positively !
e 3 - laminations; skewed ,_._._‘
Depositional forms of floodpain: . 05 -01 03 07
natural levees; crevasse splays; Lack of erosion 2 G icrich IY ” L !
sand shadows: and floodbasin surfaces between % . Common organic-rich layers; organic
ot GXBOWTIIE ! lithofacies Mz 6,2:20 detritus and charcoal frequently
Chmielnik exposure 1. Minerogenic, mainly quartz clasts; the
) “ roundness and surface polish degree of
= Expansion of sand-size grains usually different from
o lithofacies increasing deposits of the main river,
L and their thickness : ’
Py, decreasin 1.1. Sand or silt depending Mz
W downwardgfrom the on lithology of a catchment
<O e
|5 2 fan apex 1.2. Medium or 2 0 2 46 08
1
o L Usually primary or poorly sorted ,_h—.—FH
E sacondary rl‘nas_sivel 1.3. Symmetrical or 0 ! 2 ° S:
= Cones accumulated at the mouth | structure; also ripple it 1
of tributary valleys to the main cross-lamination or 1gp oS SEcwe
Y Y/ > Foig 05 01 03 07
valley horizontal lamination L
Mz 6.2:20 2. Organic-rich layers frequently
Site Bany as an example Bany exposure 1. Minerogenic, mainly quartz clasts;
usually with humus; the roundness and
surface polish degree of sand-size grains
CHRTERTESEvE usually different from fluvial deposits;
structure
E m 1.1. Common sand ‘ Mz
o (&) 2 0 2 4 6 8
7] E 1.2. Very poorly sor‘(et':i_'_ﬁ’gI|
L Wedge-shaped 0 12 3 4
layers; their .
Depositional forms adjacent to thickness increasing 13- Usually positively skewed Sk,
valley slopes or terrace edges towards the slope n 05 01 03 07
Mz 8.2:20
Stawiecice core 1. Authigenic sediments; detrital fragments
of partially decompositied vegetable and
animal remains (peat, gyttja) or
a' chemical/biochemical origin clasts
o Common wood (carbonates, limonite)
E m remains 2. Loss on ignition (LOI) higher than in the
w 6 case of other facies;
5 1208 Channel f. B
o S i Common horizontal- Overbank f. I LOI %
o PRI : ‘ stratified deposits; Alluvial fan f. IR
Peatland plains occupied horizons of humified Slope f. NN
depression of oxbows or peat frequently 196 Biochemical f. ————
backswamps 0 20 100

Fig. 3. Geomorphic situation and lithological characteristic of the Ktodnica valley-fill facies. Grain-size distribution and loss on ignition calculated for
deposits from the Plawniowice, tany Mate, Chmielnik, tany Mate/Bany, Bany, Huta Pita, Wydzieréw, Ujazd/Zandrzyny, Stawigcice and Las Czajka

sites.
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Presence of coal clasts connected with coal mining in the
upper part of the Klodnica River catchment allowed to
dating of overbank deposition at the Wydzieréw and
Folwark Kobylec sites on the last two centuries (see Rut-
kowski, 1987 and Klimek, 1999).

4. RESULTS AND DISCUSSION

Chronology of Late Vistulian and Holocene deposits
infilling the Klodnica valley and other valleys of
southern Poland

Channel facies

The channel deposits of a sinuous river are basic fa-
cies building of Late-Vistulian and Holocene fill of the
Ktodnica valley. In the axis of the valley they overlie
Vistulian sands and gravels of a braided river (Jahn,
1955); while in the marginal zone of the valley bottom
they were accumulated directly on the surface of Miocene
marine loams. The beginning of accumulation of sinuous-
river deposits in the Klodnica valley took place in the
Allerod at the latest, as point-bar deposits at the
Ujazd/Zandrzyny site are older than 10850+310 "“C yr
BP (Gd-10821) (see Fig. 2).

KL ODNICA RIVER

Channel pattern

The analysis of hydraulic geometry of the Ktodnica
palacomeanders (Fig. 4) allows to assume that the highest
accumulation rate of channel deposits took place in the
Late Vistulian. At that time, river channel was character-
ized by high value of width and meander wavelength and,
therefore, radius of meander curvature correlated with the
latter. According to Schumm’s (1968) formula, it could
be linked with intensive bed-material load. The largest as
well as the oldest Ktodnica palacomeanders are character-
ized by curvature radius Rm=235-280 m, channel width
w=50-66 m and width-depth ratio w/d=21.3-22.7. Pa-
lacomeander at the Ujazd/Zandrzyny site, which belongs
to forms of that size, according to radiocarbon dating was
cut off at the beginning of the Younger Dryas at the lat-
est. At the decline of the Late Vistulian some palacome-
anders could have been much smaller like abandoned
channel at the Ptawniowice site (Rm=135 m, w=20 m,
w/d=12.5). Nevertheless, in the older part of the Pre-
Boreal meanders were probably still significantly larger
than younger Holocene forms. For example, parameters
of hydraulic geometry of palacomeander at the
Stawiecice site amount to Rm=180 m, w=36 m,
w/d=13.8. Pollen analysis shows that sandy alluvium
underlying peat at that site was deposited in the Early
Pre-Boreal (Nita and W¢jcicki, 2005). Lateglacial large

Radius of meander curvature [m] 235 135 180 105 65 35 60 26-60 40
250/60 b ]

0/0 : el K
Channel width [m] 50 20 36 18 15 13 12 8-16 12
1 LI L L L] 1 T | T T L L] L | L 1
Sl 20 2. 1 1 9 8 7 6 5 4 3| 2 1kBP 388
Mangerud etal (1974) . B@ || AL] YD | PB | BO | , AT | | , SB , , SA , - = &

SAN RIVER (Szumariski, 1986)

Channel pattern

320-450

Radius of meander curvature [m]  500-1100 200-300 80-180 300
1100/600 g
PR ] -
0/0 =
Channel width [m] 130-350 70-160 80-120 30-70 120 300- 80-
900 350

VISTULA RIVER IN THE WESTERN PART OF SANDOMIERZ BASIN (Kalicki, 1991; 2006)

Channel pattern

—

- ad

Radius of meander curvature [m] 650 670 100-240 300 125-220 190 340-360 400  400-580
700/180
] ]
0/0 e
Channel width [m] 120-130 160-180 30-60 70 30-70 42 50-90 100 85

CHRONOZONES
subdivision according to
Mangerud et al. (1974)

2 1 10 9 8
B ||AL| YD | PB | BO |

BED VALLEYS OF SOUTHERN POLAND
LOAD (Starkel, 2001)
_9‘44'_'

7 6 5 4 3|2
AT I . SB |,

Fig. 4. The river channel changes and relative rate of bed-material load and sedimentation in the Ktodnica valley and other valleys of southern Po-

land (according to different authors).
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palaeomeanders are common in southern Poland among
others in the valleys of the Vistula, Wistoka and San
Rivers (Szumanski and Starkel, 1990). According to
Szumanski (1986), palacomeander parameters of the San
River were successively decreasing since Allered and in
the Pre-Boreal they were lower than at the end of the Late
Glacial. However, the Vistula River in some reaches
downstream of Cracow started braiding again in response
to Younger Dryas conditions (Kalicki, 1991), which
proves that there was an essential increase of bed load in
that period (Starkel, 2001). Aforementioned differences
do not influence the final conclusion that - in valleys of
southern Poland — channel-forming flows in the Late
Vistulian and, probably, at the beginning of the Holocene
could have been a few times higher than the present ones
(see Rotnicki, 1991). Bed load was the main type of riv-
erine transport at that time. As a result, thickness of
channel deposits of the Ktodnica River from that period is
relatively high. For example, point-bar deposits of the
palacomeander at the Stawiegcice site have thickness
reaching about 2.8 m. The large meanders, forming a
wide meander belt, undercut valley sides which led to
valley-bottom widening. Until present time, deposits
from that age have been preserved in zones adjacent to
the valley sides occupying broad areas of the valley floor.

In the Holocene, palacomeanders size reduction and,
in effect, the width limitation of the Klodnica meander
belt occurred. The radius of the palacomeander at the
Stawiecice 2 site, which was cut off earlier than 7480+60
C yr BP (Ki-11230), is still considerable (Rm=105 m),
whilst the palacomeander at the Rudziniec site shaped
before 5350+70 '“C yr BP (Ki-11885) is significantly
smaller (Rm=65 m). There have been no confirmed evi-
dences of Mid-Atlantic palacomeanders enlargement in
the Klodnica valley so far. A temporary increase in me-
ander sizes at that period was recorded in the upper Vis-
tula valley among others (Kalicki, 1991). In contrast to
the Early and Mid-Holocene, the range of occurrence of
Late-Holocene palacomeanders of the Klodnica River is
limited to a narrow meander belt in the valley axis. In the
Ktodnica valley, like in other valleys of southern Poland
(Szumanski, 1986 and Kalicki, 1991), meanders of small
sizes were formed at the turn of the Mid- and Late Holo-
cene. This is exemplified by the palacomeander at the Las
Turbina site (Rm=35 m, w=13 m, w/d=8.1) that accord-
ing to '*C dating could have been an active channel dur-
ing the Late Sub-Boreal. Similar, usually not much bigger
parameters (Rm=26-60 m, w=8-16 m, w/d=5.3-10.7)
have palacomeanders dated at the Sub-Atlantic. This
contradicts the situation in many valleys of southern
Poland, like in the Vistula valley, where geometric pa-
rameters of palacomeanders significantly increased in the
Sub-Atlantic (Kalicki, 1991). In the San valley the in-
crease of bed load in the last centuries led initially to the
increase of meanders size and later at the turn of the 18"
and the 19™ centuries led to the transition from a mean-
dering to a braided channel (Szumanski, 1986). Afore-
mentioned temporal variability of hydraulic geometry
parameters of the Klodnica palacomeanders indicates
successive decrease of the channel facies accumulation
rate throughout the Holocene, with a minimum at the
beginning of the Sub-Boreal and in the last two centuries.
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Decreasing of w/d ratio indicates that the Ktodnica has
become the river characterized by more equable hydro-
logical regime and suspended load. In effect, thickness of
channel alluvium has decreased. This is exemplified by
the Subatlantic palacomeander at the Folwark Kobylec
site whose point-bar has thickness reaching 1.2 m.

Overbank deposits

Despite high activity of channel processes, overbank
deposits accretion in the Late Glacial occurred in the
Ktodnica valley on a relatively low scale. The evidence
of that is small thickness (like at the Lany Male site) or
even a lack of overbank deposits cover in the preserved
from that period parts of the valley bottom. On the other
hand, Lateglacial overbank sediments were found at the
lowest part of oxbow fills at the Ujazd/Zandrzyny (older
than 10850+310 "C yr BP (Gd-10821)) and Ptawniowice
sites (where accumulation started before 10240+170 "C
yr BP (Gd-10812) and was continued into the Holocene).
It appears generally that Lateglacial overbank sedimenta-
tion in the Klodnica valley occurred on a smaller scale
than in wvalleys of Carpathian rivers (Starkel, 2001)
(Fig. 5). The investigations in the Vistula valley down-
stream of Cracow enabled to distinguish two phases of
intensified overbank deposition corresponding to the
Older and Younger Dryas (Kalicki, 1991; 1996).

At the beginning of the Holocene further limitation of
overbank facies accretion took place in the Klodnica
valley. This is exemplified by lack of overbank deposits
in the oxbow fill at the Stawigcice site, where Pre-Boreal
peat directly overlying channel sands. Abandoned chan-
nel fills at the Ujazd/Zandrzyny and Las Czajka sites do
not contain Holocene overbank deposits. A participation
of extra-channel sediments rises, however, in the fills of
increasingly younger oxbows. Considered deposits ap-
pear especially in the lowest parts of the studied fills. It is
conceivable that their accumulation followed processes
leading to cut-offs of meander loops. According to radio-
carbon dating, a deposition of fine-grained alluvium at
the Stawiecice 2 site took place about 748060 '*C yr BP
(Ki-11230). After a period of inactivity, a renewed in-
crease of flood frequency was recorded around 4290+60
1C yr BP (Ki-13092) at that site. Radiocarbon dates from
the Rudziniec and Stawigcice/Kolonia sites suggest that
an overbank sediment delivery to these oxbows could
have taken place in the decline of middle and in the
younger (?) parts of the Atlantic Interval. At the Las
Turbina site, accumulation of the lower layer of overbank
deposits was started not earlier than 3370+60 "“C yr BP
(Ki-11227). Generally, an accretion of extra-channel
alluvium was not too intensive during the analysed part
of the Holocene. Nevertheless, numerous sedimentary
episodes were recorded in the Ktodnica valley, which can
be correlated with flood phases distinguished for rivers of
southern Poland (Starkel, 2001). According to research
by Kalicki (1991; 1996), the Holocene increase in over-
bank sediment delivery in the upper Vistula valley took
place between: 9800-9300, 8500-8000, 6700-6000, 5500-
5000, 4500-4000, 3500-3000, 2700-2600, 2200-1800 '*C
yr BP, 5-6™ 10-11™, 13-14" centuries and in the Little
Ice Age.
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Fig. 5. Chronology of overbank deposits in the Ktodnica valley and corresponding sediments, flood frequency and relative rate of suspensed-material

load in other valleys of southern Poland (according to different authors).

The intensive overbank sedimentation was, however,
recorded in sequences of deposits from the Sub-Atlantic
period. At the Lany Mate site overbank deposits overlie
peat, whose top was dated at 1720£80 '*C yr BP (Ki-
7583). In an analogous situation at the Huta Pita core, the
date 1215+70 '*C yr BP (Ki-7573) was obtained. At the
Las Turbina site, as a result of alluvium supply about
520460 '“C yr BP (Ki-11226), a younger phase of bio-
genic accumulation was stopped. At the Wydzierow and
Folwark Kobylec sites, coal clasts were accumulated with
overbank deposits. It is an evidence that the intensive
overbank sedimentation also occurred throughout the last
two centuries in the period of development of coal mining
in the upper part of the Klodnica River catchment. In
effect of intensive overbank sedimentation, lasting almost
the last 2000 years, alluvia of vertical accretion occupy
the entire width of the Klodnica valley floor between
Plawniowice and Ujazd. The thickness of these deposits
varies usually from 0.2 to 0.8 m, although locally exceeds
1.5 m. Intensive Late-Holocene overbank sedimentation
is common in valleys of southern Poland, both in the
upper Vistula (Alexandrowicz et al., 1981; Szumanski,
1986; Starkel, 2001 and Michno, 2004) as well as in the
upper Odra basins (Klimek, 1999, 2002 and Wojcicki
2006). According to Lajczak (1995), the largest increase
of overbank sedimentation rate at the Carpathian Fore-
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land took place from the beginning of the 16™ to the mid-
dle of the 20th centuries.

Tributary fan facies

In the Klodnica valley tributary fan deposits form
both (1) alluvial fans located at the mouth of perennial
streams to the main valley and (2) proluvial fans devel-
oped at the mouth of ephemeral streams which drain
loess-covered Proboszczowice Plateau. The first category
includes extensive fans appearing on the both sides of the
valley. It is exemplified by the Chmielnik site. The out-
crop was made in a distal part of the fan (see Fig. 3),
where fine-grained alluvial fan deposits overlap with
floodplain sediments. The date 9620120 '*C yr BP (Ki-
11889), which was obtained from the top of peat underly-
ing the most distal part of the fan suggests, that processes
of intensive fan progradation took place probably in the
Vistulian. That interpretation is confirmed by examples
taken from the Vistula valley, where extensive alluvial
fans of the upper Vistula (Niedzialkowska et al., 1985),
Raba, Uszwica and Dunajec Rivers (Ggbica, 1995 and
Starkel, 2001) progradated rapidly during the cooler peri-
ods of the Plenivistulian. Intensive development of allu-
vial fans was continued throughout the Late Vistulian.
Numerous Lateglacial forms were recognized in the
Wieprz valley (Kociuba and Brzezinska-Wajcik, 1999).
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According to Gebica (1995), an aggradation of the Raba
and Uszwica fans in the Vistula valley escalated probably
during the Bolling and between 10800-10400 '“C yr BP
(Fig. 6). In the Holocene, the aggradation of the fan sur-
face at the Chmielnik site occurred slowly. Contrary to
coarse-grained inorganic Vistulian deposits, Holocene
sediments were deposited in conditions of low flow dy-
namics with frequent intervals marked by organic lamina
development (date 7440+70 "*C yr BP (Ki-13085)). More
or less at that time, in the Wistoka and Wistok drainage
basins at the Carpathian Forelands, alluvial fans of minor
rivers progradated rapidly (Starkel et al., 1999). In the
Wisloka valley, a 5-meter-thick series of alluvial fan
deposits of the Maga stream arose in effect of — at least —
95 flood events between 8390+105 and 7785+145 "“C yr
BP (Starkel, 2001). It seems that a sedimentation rate of
alluvial fan deposits in the Klodnica valley was consid-
erably lower. In the Mid- and Late Holocene, vertical
accretion of a distal part of the fan at the Chmielnik site
amounted to 0.8 m only.

A history of proluvial fans developed at the mouth of
loess gullies was different. By radiocarbon dating, allu-
vial fans of ephemeral streams in the Ktodnica valley
arose in the Sub-Atlantic. At the Ujazd/Zandrzyny site,
peat was covered by silty deposits younger than
2240+100 (Ki-8535), 1090+90 (Ki-8537), 835+80 (Ki-
8536) and 780+120 '"C yr BP (Gd-10810) (Klimek,
2003). It can be evidence of a multi-stage progradation of
proluvial fan at that site. At the Gaj site, deposits from a
distal part of the fan overlie peat dated at the top at
1010+70 '*C yr BP (Ki-11888). Present observations and
dendrogeomorphological analyses indicate a continuation
of gully erosion processes within the loess plateau
(Malik, 2008) as well as proluvial fan forming on the

KLODNICA VALLEY

Alluvial fan at the Chmielnik site

valley floor. In effect, a rapid accretion of tributary fan
deposits occurs recently, especially on the right side of
the valley bottom between Plawniowice and Ujazd. Late-
Holocene tributary fans developing in the neighbourhood
of human settlements are common in loess areas of
southern Poland. The development of proluvial fan at
Bronocice in the Nidzica valley occurred in two stages
and was stopped probably after the Neolithic settlement
fall (Snieszko and Grygierczyk, 1991 and Snieszko
1995). The proluvial fan in the Psina valley is chrono-
logically younger; its development took place in the
Bronze and Iron Age (Zygmunt, 2004). The maximum
progradation of proluvial fans in the Mleczka River
drainage basin corresponds with the early Middle Ages
(Klimek et al., 2006). The initiation of proluvial fan pro-
gradation at Mlodzawy in the Nida valley was dated at
less than 1050+80 '*C yr BP. However, history of the
neighbouring alluvial fan of the Mozgawka Stream is
probably about 1100 years longer according to radiocar-
bon dating (Szwarczewski, 2007). Also an increase of
alluvial fans aggradation of the Raba and Uszwica Rivers
in the Vistula valley was noticed throughout the Sub-
Atlantic (Ggbica, 1995).

Slope facies

Slope deposits play a minor role in valley fills of
southern Poland. It is one of the reasons why chronology
of slope processes intensification is based on a small
number of sites, usually isolated in particular valleys
(Fig. 7).

It is difficult to estimate intensity of slope facies sup-
ply in the Klodnica valley in the Late Vistulian. Pre-
Holocene sheetwash deposits occur, among others, on
northern hillsides of the valley near Lany Mate. There are
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sandy/loamy rhythmites characterized by tabular lamina-
tion and dips of the layers related to valley-side slope
angle. These deposits lacking organic matter should be
correlated, however, with the periglacial period of the last
glaciation. An additional argument supporting this inter-
pretation is a good state of preservation of erosional
edges formed during the Late Vistulian by large mean-
ders of the Klodnica River. Only some of these edges
were remodelled by denudational processes, however, by
radiocarbon dating it occurred only in the Late Holocene.
The aforementioned circumstances indicate that activity
of slope processes in the Ktodnica valley in the Late
Vistulian was insignificant. It is not contradictory to
results of investigations conducted in loess-covered areas
of southern Poland. According to Jersak et al. (1992), in
some of those valleys sedimentation change from min-
erogenic to organic/chemical took place before the Al-
lered. In some of them only intensification of sheetwash
and gully erosion was recorded at the turn of: (1) the
Oldest Dryas and Belling (31 % of the analyzed valleys),
(2) the Older Dryas and Allered (68%) and (3) the
Younger Dryas and Pre-Boreal (62 %) (Snieszko, 1995).
With more confidence, we can analyze efficiency of
slope processes in the Ktodnica valley in the Holocene.
At that time numerous oxbows, located at the foot of
valley slopes, were filled with biochemical sediments.
Each delivery of slope deposits would have been re-
corded in the analyzed fills. There is no such record in
sequences deriving from the Early and Middle Holocene.
It applies both to the oxbows located at the foot of hill
slopes of the loess-covered Proboszczowice Plateau (the
Ujazd/Zandrzyny site) as well as to the oxbows located at
the foot of sandy slopes of the Rachowice Plateau and
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KozZle Plain (e.g. the Stawigcice and Stawigcice 2 sites).
Also in other valleys of southern Poland there is a lack of
such a record prior to the Neolithic Age. One of the old-
est is the site at Pleszow in the Vistula valley, located at
the foot of a loess terrace that was deforested and used for
agriculture by Lengyel Culture people (Godlowska et al.,
1988). The initiation of sheetwash processes after
5830+45 '*C yr BP stopped peat accumulation in the
Vistula oxbow. The oldest records of slope process activ-
ity in the vicinity of Mozgawa in the Nida valley were
dated at less than 5890+100 and 4420+100 '*C yr BP
(Szwarczewski, 2007). According to Snieszko (1995)
large intensity of mechanical denudation in loess areas
occurred during the period of Funnel Beaker Culture
settlement in the older Sub-Boreal. Later populations in
the Neolithic Age, the Bronze Age and probably the older
part of the Iron Age had a minor impact on development
of denudation. Another increase in slope process activity,
recorded commonly in all the investigated valleys of
southern Poland (see Fig. 7), took place in the Sub-
Atlantic. The high sedimentation rate of slope deposits in
loess areas was maintained, according to Snieszko
(1995), during the last millennium (especially in the 10-
11", 14™ and 17" centuries). By radiocarbon dating, slope
deposits in the Klodnica valley were also accumulated
during the younger part of the Sub-Atlantic. At the
Stawiecice site, deposition of sandy slope deposits pre-
ceded by appearing of synanthropic plant pollen (Nita
and Wojcicki, 2005) was dated at less than 1305+70 "*C
yr BP (Ki-7566). The tops of peats covered by slope
deposits were dated at 720£60 "*C yr BP (Ki-11231) at
the Las Czajka site, at 540460 '“C yr BP (Ki-11886) at
the Bany site, and at 200+60 '*C yr BP (Ki-11229) at the
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Stawigcice 2 site. Appearing of slope deposits in upper
parts of sedimentary sequences from the Ktodnica valley-
fill is quite common and was also recorded at the
Plawniowice and Rudziniec sites.

Biochemical facies

Biochemical deposits are an important component of
the Late-Quaternary valley fill of the Klodnica River.
They commonly appear in oxbow and backswamp fills.
The oldest deposits of calcarcous mud were dated at the
Ujazd/Zandrzyny site at the beginning of the Younger
Dryas (date 10850+310 "*C yr BP (Gd-10821)). How-
ever, other radiocarbon dates obtained from peat and
carbonate deposits indicate that intensive accretion of
biochemical sediments occurred in the Holocene (Fig. 8).
The complete view of productivity of peatlands in the
Klodnica valley was obtained thanks to the palacobotani-
cally studied cores at Lany Male and Stawiecice (Nita
and Wojcicki, 2005). The Lany Mate site represents de-
posits of mire that occupying flood-basin depression.
Despite the date 6240+70 '“C yr BP (Ki-7571), peat ac-
cumulation at that site started probably in the Early Pre-
Boreal according to pollen data. The Stawigcice site,
where peat initiation took place in the Pre-Boreal (date
9400490 "*C yr BP (Ki-7157)), represents fen localized in
the abandoned river channel. Holocene history of peat

KLODNICA VALLEY (Nita and Wéjcicki, 2005)

development recorded in these two localities is similar.
Like in the Vistula (Mamakowa, 1970 and Kalicki and
Zernickaya, 1995) and Belnianka valleys (Szczepanek,
1982 and Ludwikowska-Kedzia, 2000), the highest peat
growth rate occurred in the Early Holocene. In the Mid-
Holocene biogenic accumulation was interrupted, which
was recorded in the form of decayed peat horizons. Stop-
ping peat growth occurred at that time also in numerous
valleys of Carpathian rivers. Intense supply of overbank
sediments was responsible for it in the Vistula valley
(Mamakowa, 1970 and Kalicki and Zernickaya, 1995).
The same reason determined stopping peat accumulation
at the Roztoki site in the Jasiotka valley, while beyond
the main valley (at the Tarnowiec site) peat accumulation
was continued at that time (Wojcik, 1987 and Harmata,
1987). Radiocarbon dates show that biochemical facies
accretion in the Mid-Holocene could also be continued at
some sites in the Klodnica valley. Such conditions, fa-
vourable to biochemical accumulation, remained cer-
tainly at the Ujazd/Zandrzyny site among others. At that
site sediments with the largest content of CaCO; (61.1-
79.0%) were accumulated about 4220+80 '*C yr BP (Ki-
7579). It may point at large intensity of carbonate leach-
ing and precipitation at the decline of the Early Sub-
Boreal. According to pollen data, a restart of peat produc-
tivity in the Lany Male fen could take place in the older
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and in the Stawigcice fen in the middle part of the Sub-
Boreal period (Nita and W¢jcicki, 2005). Perhaps peat
accumulation started again in that period also at Nowa
Huta in the Vistula valley (Kalicki and Zernickaya, 1995)
and at Napekow in the Belnianka valley (Ludwikowska-
Kedzia, 2000). A transition from negative to positive side
of the peat mass balance was probably a long-lasting
process because organic sediments accumulated above
the hiatuses at the Lany Mate and Stawigcice sites are
characterized initially by a high degree of decomposition.
It may be one of the reasons of discrepancy between
results of the pollen analysis and radiometric dating. At
the Stawiecice site, the AMS date 213030 '*C yr BP
(P0z-23206) was obtained as a result of dating of Rubus
idaeus and Sambucus nigra seeds from the depth of 0.77-
0.79 m. A negative influence on the age measurement at
the Lany Male site (2720+70 "C yr BP (Ki-7569)) could
have intrusive remains of alder roots present in the dating
sample.

The accumulation of biochemical deposits in the
Klodnica valley was limited in the Late Holocene by
supply of overbank, tributary fan or slope sediments. At
the Lany Mate site it took place later than 1720+80 '*C yr
BP (Ki-7583) whilst at the Stawigcice site about 130570
"*C yr BP (Ki-7566). Interrupting biogenic accumulation
at the Gaj site took place not earlier than about 1010+£70
“C yr BP (Ki-11888), at the Las Czajka site about
720+60 '“C yr BP (Ki-11231), at the Las Turbina site
about 520+60 '*C yr BP (Ki-11226), at the Bany site

about 540+60 '*C yr BP (Ki-11886) and at the Stawiecice
2 site about 200£60 “C yr BP (Ki-11229). Currently,
there are conditions for peat accumulation again at the
Wydzieréw site among others.

History of biochemical deposits accretion in the
Ktodnica valley is similar to observations from the Bel-
nianka valley (Ludwikowska-Kedzia, 2000) where
two/three phases of peat growth were recorded: (1) from
the beginning of the Holocene to the Mid-Atlantic, (2)
since the turn of the Atlantic and Sub-Boreal locally till
present times, (3) since about 2000 yr BP. It should be
emphasized, however, that biogenic sedimentation in
numerous sites of southern Poland occurred probably
continuously throughout the Holocene, alternatively it
only slowed down in the Mid-Holocene. The examples of
that are the Krasnobrdéd and Tarnawatka sites in the upper
Wieprz valley (Balaga, 1998). Thus, variability in peat
accumulation rates was determined probably by both
regional (climatic) as well as local (topographic and litho-
logical) factors.

Environmental variables and changes in depositional
style through time in the Klodnica valley and other
valleys of southern Poland

Study results from the Ktodnica valley as well as from
other valleys of southern Poland indicate changes in ac-
cumulation intensity of particular facies of valley-fill
deposits at the decline of the Vistulian and throughout the
Holocene (Fig. 9).
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Fig. 9. The main tendencies of changes in sedimentary style in the Kfodnica valley against the background of environmental conditions.
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The Late Vistulian - the Middle Pre-Boreal

The postglacial evolution of river valleys in southern
Poland was initiated in Belling/Allered. Its beginning is
marked by incision of Pleniglacial valley bottoms and
changes in the channel pattern (e.g. Alexandrowicz et al.,
1981; Szumanski, 1986; Kalicki, 1991 and Starkel,
2001). A transition of the Klodnica river channel from
braided to meandering took place probably at the same
time (earlier than 10850+310 "“C yr BP (Gd-10821)). The
Lateglacial stage of the valley development began simul-
taneously. The mentioned period was characterized by:
(1) intensive sedimentation of fluvial deposits, especially
of channel facies, (2) little importance of biogenic accu-
mulation. Defining the role of slope processes in that
stage is difficult to estimate at present state of knowledge.
On the other hand, through the analogy to loess areas
(Snieszko, 1995), we can assume significant progradation
of tributary fan deposits in the valley bottom. In compari-
son to other valleys of southern Poland, fluvial processes
in the Ktodnica valley were generally limited to the chan-
nel zone. Sedimentation of fine-grained alluvium within
the floodplain occurred on a small scale.

It is accepted that high activity of Lateglacial fluvial
processes in central and north-western Europe took place
in the conditions of flashy hydrological regime (e.g. Rose
et al., 1980; Kozarski, 1983 and Bohncke and Vanden-
berghe, 1991). Bankfull as well as average annual dis-
charges were probably significantly higher than at pre-
sent. According to estimate released by Rotnicki (1991)
for the middle Prosna River, bankfull discharge in the
Younger Dryas was about five times higher than at pre-
sent as a result of a major runoff participation in water
balance. It was influenced by cool climate with the July
average temperature about 10°C during the stadials,
though the July average temperature probably rose to
about 15°C in the Beolling and Allered interstadials (Ko-
zarski and Nowaczyk, 1999). As a result, a process of
replacing low-shrub tundra by open forest dominated by
birch (Betula) with European aspen (Populus tremula)
and species of willow (Salix) started on the territory of
Poland in the Bolling (Ralska-Jasiewiczowa, 1999). Ac-
cording to Kozarski (1983), that was the main reason of
river metamorphosis. During the Allered, open forest
occurred - first dominated by birch (Betula), and later
dominated by pine (Pinus) with larch (Larix) and spruce
(Picea) in uplands of southern Poland. The areas occu-
pied by forest decreased when the climate became colder
in the Younger Dryas. Groups of trees including pine
(Pinus), birch (Betula) and larch (Larix) formed a land-
scape of a park with grassy areas or juniper (Juniperus)
and ephedra shrubs (Ralska-Jasiewiczowa, 1999). Open
grass communities with Artemisia and Chenopodiaceae
preserved locally in the Ktodnica catchment till the Early
Pre-Boreal (Nita and Wojcicki, 2005). Probably it fa-
voured preserving large meanders at the beginning of the
Holocene. Despite vegetation succession characterized
above, the protective plant cover in the Late Vistulian
was not dense and continuous enough to protect the sur-
face from erosion. High susceptibility of river banks to
erosion was favoured by a structure of the valley fill
inherited from a period of a braided river development.
Through the Late Vistulian, sandy easily washed out
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deposits were reworked during rising flood waters (Rot-
nicki and Mtynarczyk, 1989). As a result, flows had un-
usually exceeded bankfull stage and sedimentation of
fine-grained alluvia in a distal part of floodplain rarely
occurred.

Biochemical accumulation rate was low in the Late
Vistulian probably in response to unfavourable climatic
and trophic conditions. In water basins and wetlands of
southern Poland mainly chalky sediments or gyttja were
deposited at that time (e.g. Harmata, 1987 and Bataga,
1998).

The Middle Pre-Boreal — the Late Boreal

In the Ktodnica valley and in most valleys of southern
Poland this period is characterized by (1) gradual limita-
tion of fluvial deposition, (2) a significant growth of
biochemical accumulation and (3) a lack of mechanical
denudation on slopes (see Snieszko, 1995). According to
Starkel (2003), the change of sedimentary style in valleys
of southern Poland occurred at the Younger Dryas/Pre-
Boreal boundary. In the light of results obtained in the
Klodnica valley, it could take place in the middle part of
Pre-Boreal period.

The limitation of fluvial processes activity was con-
nected with climate warming at the beginning of the
Holocene. Vegetation changes could not keep up with
quick climate warming (Ralska-Jasiewiczowa, 1999). In
the older part of the Pre-Boreal pine forest with admix-
ture of birch trees (Betula alba type) existed in the Ktod-
nica river drainage basin (Nita and Wojcicki, 2005). But,
as mentioned above, locally open grassy areas with Ar-
temisia and Chenopodiaceae still preserved. Juniper and
dwarf birch (Betula nana) occasionally appeared. In the
younger part of the Pre-Boreal pollen of the latter is no
longer noted. The willow shrubs with elm (Ulmus) and
poplar (Populus) grow in the valley bottom at that time.
In the Boreal, European filbert (Corylus avellana), oak
(Quercus) and small-leaf linden (7ilia cordata) appeared
in the forests surrounding the valley. Vegetation pollen
appearance, considered to be climatic indicators, suggests
that on the territory of Poland temperatures were higher
than at present from the middle of the Pre-Boreal at least
(Ralska-Jasiewiczowa, 1999). The Early-Holocene warm-
ing and vegetation succession lead certainly to the
changes of hydrological regime manifesting in gradual
limitation and compensation of the river discharges. Ac-
cording to Rotnicki (1991), the bankfull discharge of the
middle Prosna River in the Boreal was almost 3-times
lower than in the Younger Dryas. In these conditions a
relative rate of fluvial deposits accumulation significantly
decreased and the width of meander belt was reduced.
Vegetation cover started to protect efficiently the soil
from erosion. In exchange, processes of peat accumula-
tion and soil formation were initiated on a large scale in
the Early Holocene. In many valleys of southern Poland,
the highest rate of peat accumulation took place in the
Pre-Boreal and Boreal (see Mamakowa, 1970; Szcze-
panek, 1982; Kalicki and Zernickaya, 1995 and
Ludwikowska-Kedzia, 2000). In that period, quickly
improving thermal conditions were strengthened by fa-
vourable humidity conditions that occurred in the first
stage of oxbow and flood-basin terrestrialisation.
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The Late Boreal — the Sub-Boreal

This period is defined by: (1) relatively low deposi-
tion of minerogenic sediments but with periodic increase
of valley alluviation, (2) decrease of accumulation rate or
even biogenic accumulation break in numerous valleys of
southern Poland. Anthropogenically conditioned activiza-
tion of the slope processes occurred on a small scale and
locally only. The beginning of considered period can be
linked with an essential increase in accumulation of tribu-
tary fan and overbank deposits, which took place in the
upper Vistula drainage basin between 8.4-7.7 ka yr BP
(Alexandrowicz et al., 1981 and Starkel et al., 1999). In
the Klodnica valley, biogenic accumulation was inter-
rupted in some sites simultaneously. It seems that in val-
leys of southern Poland sedimentation rates both fluvial
and biochemical deposits were higher in the older part of
distinguished period. But in the upper Odra basin, we
have had no evidence documenting the shift of sedimen-
tary style from the Late Boreal to the Sub-Boreal, thus
that period was treated as one stage.

Mid-Holocene sedimentation in valley bottoms devel-
oped with a passive role of Mesolithic man first. At that
time climax mixed forests with domination of elm (Ul-
mus) and European filbert (Corylus avellana) widespread
in southern Poland and European alder (4/nus glutinosa)
assemblages appeared on wetlands within valley floors
(Ralska-Jasiewiczowa, 1999). In such conditions, a
course of sedimentation processes were probably con-
nected with hydrological changes determined by wetter or
drier climate. Magny (2004), distinguished two episodes
of higher lake-level events in the older and middle part of
Atlantic Period, between ca. 8300-8050 cal. '*C yr BP
(c. 7450-7250 "*C yr BP) and 7550-7250 cal. '*C yr BP
(c. 6650-6250 "C yr BP). It seems that the latter has got a
sedimentary record in the fluvial environment on the
territory of Poland. The increase of palacomeander sizes
in the Middle Atlantic is noted among others in the upper
Vistula (Kalicki, 1991) and in the Prosna valleys (Rot-
nicki, 1991). What is more, Mid-Atlantic flooding epi-
sodes are clearly evident in the valleys of Polish rivers
(Starkel, 2001 and Starkel et al., 2006). In the Ktodnica
valley, events of increased fluvial activity were recorded
at about 7480+60 *C yr BP (Ki-11230) and at the turn of
the Middle and Late Atlantic. Mid-Atlantic enlargement
of palacomeanders was transitory and their sizes de-
creased again at the decline of the Atlantic Period. Ac-
cording to Rotnicki (1991), bankfull discharges for the
middle Prosna River at the beginning of Sub-Boreal
achieved lower values than at present. Also, channel-
forming discharge of the Ktodnica River decreased in the
Early Sub-Boreal reaching Holocene minimum. Meander
belt was very narrow while channel sinuosity very high,
showing the regularity of discharge in annual cycle. Syn-
chronously, processes of peat decay probably still oc-
curred in the Lany Male and Stawiecice sites. The break
of biogenic accumulation during the Atlantic Period was
recorded not only in southern Poland but in some sites
from valleys of the Czech Republic as well. For example,
Rybni¢ek and Rybnickova (1987) described Mid-
Holocene stratigragraphic hiatuses from the Budé&jovicka
panev Basin and the River Dyje valley. It’s not out of the
question that the peat decay recorded in some central-
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European sites depended on climate humidity reduction at
the turn of the Atlantic and Sub-Boreal (see Magny,
2004). The authors, however, often point out non-climatic
controls of reduction of peat accretion or stopping bio-
genic accumulation in the Middle Holocene. These could
have been: (1) intensive increase of alluvia sedimentation
breaking biogenic accumulation on the floodplain
(Mamakowa, 1970; Harmata, 1987 and Kalicki and Zer-
nickaya, 1995), (2) lowering of the ground water table in
effect of fluvial incision (Ludwikowska-Kedzia, 2000), or
(3) intensive peat decomposition during some succes-
sional stages of mire development (Rybnicek and
Rybnickova, 1987).

In the Mid-Atlantic Period, a few settlements of Lin-
ear Band Ceramics Culture appeared in the Klodnica
drainage basin (Kulczycka-Leciejewiczowa, 1993). Some
settlements of Funnel Beaker Culture, known mainly
from northern loess part of the Klodnica drainage basin,
originate from the Atlantic/Sub-Boreal transition
(Kulczycka-Leciejewiczowa, 1993). Scattered artefacts
prove that people of Funnel Beaker Culture penetrated
also the studied part of the Ktodnica valley (Ablamowicz,
2004). Nevertheless, the presence of the Neolithic man
did not affect a change of depositional style in the Ktod-
nica valley. According to Snieszko (1995), the distur-
bance of homeostasis in the Neolithic Period occurred on
a local scale and affected only the nearest neighbourhood
of a settled area.

The Sub-Boreal — the Middle Sub-Atlantic

This period is distinguished by a renewal of peat ac-
cretion or an increase in biochemical accumulation rate.
Additionally, this stage is characterized by slope stability
and periodic increase in alluviation, generally taking
place in the conditions of low channel-forming flows and
little deposition of alluvium. In the Ktodnica valley, dat-
ing of the beginning of that period is ambiguous and
requires further works. Accepting of the results of pollen
analysis from the Lany Male site (Nita and Wojcicki,
2005), it seems that conditions favourable of peat produc-
tivity could appear already during the Early Sub-Boreal.
Similar results were obtained in some other valleys of
rivers draining central-European highlands and piedmont
basins (e.g. Szczepanek, 1982; Rybnicek and Rybnick-
ova, 1987 and Ludwikowska-Kedzia, 2000).

The sedimentary processes in the Klodnica valley
took place still in the conditions of forests domination,
however, significantly transformed in comparison with
Mid-Holocene assemblages. It seems that forests domi-
nated by oak and hornbeam (Carpinus) with a large ad-
mixture of small-leaf linden widespread on the highlands
adjacent to the valley in the middle part of the Sub-Boreal
(Nita and Wojcicki, 2005). In the river valley there were
assemblages dominated by European alder with an ad-
mixture of European ash (Fraxinus excelsior) and elm. A
few cereal pollen grains and other indicators of human
activity appeared in pollen diagrams from that period.
Low NAP values indicate, however, insignificant defor-
estation of the studied area. At the turn of the Neolithic
Age and the Bronze Age people of the Corded Ware
Culture appeared within the lower part of the Ktodnica
drainage basin (Abtamowicz, 2004). However, a basis of
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their economy was shepherding, which to a little extent
influenced a transformation of natural environment only
(Kulczycka-Leciejewiczowa, 1993). Intensive and con-
stant settlement appeared with the people of the Lusatian
Culture between 2740-2170 '*C yr BP at the turn of the
Bronze Age and the Iron Age (Abtamowicz, 2004). The
microcomplex of settlement functioned at that time on the
Ktodnica valley sides at Lany Mate. The economy of the
people of the Lusatian Culture was based on agriculture
and farming, which certainly led to significant forest
clearance in the studied part of the catchment. Despite
that, soil erosion was not intensive at that time and
stressed only by silting up of peat at the Lany Male site.
At the Ujazd/Zandrzyny site local gully erosion was acti-
vated (Klimek 2003), however, the ravines development
on a large scale took place only from the Middle Ages.

Thus, the development of sedimentary processes from
the Early Sub-Boreal to the Middle Sub-Atlantic was
determined by climate factors. According to Magny et al.
(2006), a series of three episodes of successively higher
lake level forced by varying solar activity took place
about 5600-5300 cal BP (c. 4900-4550 "“C yr BP) in
central Europe. The renewal of peat accretion recorded in
the valleys of southern Poland could be related to Sub-
Boreal climate moistening as well (Ralska-Jasiewiczowa
and Starkel, 1988). Synchronously, an increase in water
and sediment load took place on the territory of Poland.
According to Rotnicki (1991), the bankfull discharge of
the Prosna River increased transitionally at the end of the
Early Sub-Boreal and was about 2-times higher than at
present. More or less at that time an episode of flood
deposits delivery was recorded at the Stawiecice 2 site in
the Ktodnica valley. The growth of overbank sedimenta-
tion between 4500-4000 "*C yr BP is also known from
the Vistula valley (Kalicki, 1991). However, the Ktodnica
valley slopes remained stable and the soils develop as
well as chemical denudation was predominant in the
catchment. The repeated decline of channel-forming
flows in the Prosna valley took place at the end of the
Sub-Boreal reaching the Holocene minimum of about 2-
times lower than at present (Rotnicki, 1991). In the Ktod-
nica valley that kind of changes of palaeomeander sizes
has not been recognized. What is more, a little growth of
radius of meander curvature took place at the turn of the
Sub-Boreal and Sub-Atlantic. Analogous situation, indi-
cating an increase of channel-forming flows and bed load
transport, was recorded in the San (Szumanski, 1986) and
Vistula (Kalicki, 1991) valleys. These changes were
preceded by intensified flood sedimentation at the Las
Turbina site in the Ktodnica valley younger than 3370+£60
C yr BP (Ki-11227).

The Middle Sub-Atlantic till now

In valleys of southern Poland, the period of last about
2 ka years is characterized by: (1) a rapid increase in
fluvial sedimentation, especially overbank and tributary
fan facies, with simultaneous discharge and bed load
increase in river channels, (2) common initiation of slope
deposition, (3) a limitation of biochemical accumulation
in response to mineralogenic sediment supply.

Although fluvial system responses to hydrological
changes will have been promoted by anthropogenic dis-
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turbances of catchment vegetation cover, the timing of
Late-Holocene incision and alluviation episodes are in-
terpreted as reflecting enhanced flood frequencies and/or
magnitudes associated with Late-Holocene climatic shifts
(Anderson et al., 2004; Smith et al., 2005 and Macklin et
al., 2006). Similar factors certainly influenced sedimenta-
tion processes in the Ktodnica catchment during the last
ca. 2 ka. That was proceeded by vegetation cover changes
recorded in pollen diagrams, namely appearing of human
economy indicators showing both cereal cultivation (e.g.
Secale cereale, Triticum type) and shepherding (e.g.
Plantago lanceolata) (Nita and Wojcicki, 2005). Never-
theless, in the sediments from the turn of the Sub-Boreal
and Sub-Atlantic, and perhaps also from the older part of
the Sub-Atlantic, a participation of NAP was still low. In
the Klodnica valley there were forest assemblages with
alder predominant. Beyond the valley there were forests
with domination of oak, and later with hornbeam and
lime. As aforementioned, the first stage of agriculture
connected with the Lusatian Culture settlement did not
lead to a significant mechanical denudation increase.
Probably, the climatic conditions are responsible for that
because the period 2750-2150 cal BP (c. 2850-2150 "*C
yr BP) is characterized by significantly fewer '*C dated
flood units in Poland (Starkel et al., 2006 and Macklin
et al., 2006). It appears that soil erosion on a larger scale
started in the Roman Period. It was related to the Prze-
worsk Culture settlement whose village existed near the
Lany Mate site in 3"-4" centuries AD (Ablamowicz,
2004). A maximum of slope process development, over-
bank sedimentation and alluvial fan progradation oc-
curred in the Klodnica valley probably in the Middle
Ages and modern times. Also, an activity of channel
processes was high in the last dozen centuries. Parameters
of the hydraulic geometry of river channels increased
significantly in relation to palacomeander sizes at the end
of the Sub-Boreal (Szumanski, 1986; Rotnicki, 1991 and
Kalicki, 1991). A regime of numerous rivers in southern
Poland became more flashy, which is indicated by a
change of river channel pattern from meandering to
braided. In case of the San River that shifts took place at
the turn of the 18" and 19™ century (Szumanski, 1986).
Nevertheless in the last few decades, in the upper Vistula
basin, an insignificant decrease of overbank sedimenta-
tion rate can be observed which is caused by more careful
use of land and construction of dams in Carpathian val-
leys (Lajczak, 1995). Also, specificity of the Klodnica
valley is that in the last two centuries activity of channel
processes has seemed to decrease. These tendencies,
however, are strictly related to an exploitation of the
Gliwice Canal supplied with the Klodnica waters. Addi-
tionally, anthropogenic discharge equalization (Absalon
et al., 1996) and the incision of the regulated Ktodnica
channel have enabled a renewed peat growth on the
floodplain in the last time.

5. CONCLUSIONS

The research on fill of a meandering river in the
Klodnica valley indicates periods characterized by
changeable intensity of particular facies sedimentation.
The largest intensity of channel deposits accumulation
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occurred from the Late Vistulian to the Early Pre-Boreal.
Progressive decrease of channel facies accumulation rate
took place throughout the Holocene with transitory and
insignificant increase at the Sub-Boreal/Sub-Atlantic
transition. Overbank and tributary fan sedimentation rates
reached relatively high value in the Late Vistulian, but
the maximum in the Middle and Late Sub-Atlantic. In the
older parts of the Holocene overbank deposition were
rather low, but with periodic increases about 7.5 ka years
BP, 6.1 ka years BP, 4.3 ka years BP, less than 3.4 ka
years BP and perhaps in the Younger Atlantic. A large-
scale slope deposition was initiated in the Middle Ages.
The largest accumulation rate of biochemical facies oc-
curred in the Early Holocene and the older part of the
Late Holocene.

Studies showed a lot of common features of the valley
development in southern Poland. The changes of sedi-
mentation style in valley bottoms resulted from general
energy changes and matter flow within fluvial system.
They had allocyclic character and were controlled by
environmental variables describing fluvial system. The
course of sedimentary processes was first controlled by
natural factors: hydrological regime and erosion intensity
conditioned by climate and vegetation changes. Human
impact in the Klodnica basin became more significant
from the Roman Period and occurred on a large scale
from the early Middle Ages. Older settlement phases,
including intense settlement from the Hallstatt Period,
were not clearly recorded in the Klodnica valley fill.
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