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ARTICLE INFO ABSTRACT

Editor: Paul Hesse The Morava River catchment in the Czech Republic serves as sedimentary archive reflecting various natural and
man-made processes, and was studied by several authors from the point of view of flood frequency, anthropo-
genic contamination, or alluvial history. However, more consistent and detailed information on the effect of
human activities, namely in terms of land use and river regulation, is missing. The aim of this study is to
reconstruct the palaeoenvironmental and anthropogenic processes affecting the floodplain sediments in this area,
focusing on the last few hundreds of years. Alluvial sediments from river banks and drilled cores were collected
in the Straznické pomoravi area from sites both inside and outside dams constructed to avoid flooding. Magnetic
parameters, reflecting the composition and grain-size distribution of iron oxides, which serve as fingerprints of
lithogenic vs. pedogenic vs. anthropogenic origin, are complemented by the radiocarbon and dendrochrono-
logical dating. In addition, deposition age was estimated using the 1%7Cs activity and persistent organic pollutant
content. Our results reveal continuous increase of ferrimagnetic minerals (magnetite) input to the floodplain,
suggesting increased soil erosion in the catchment. Significantly different pattern was observed inside and
outside the flood dykes. The erosion accelerated since the 1950s due to incorrect land use and introduction of
modern agriculture techniques. Finally, the industrial pollution significantly contributes to the magnetic
enhancement of the topmost 50 cm of the floodplain sequences. Although the results represent local case study,
they have more general validity in the sense that records of paleoenvironmental changes and human activities in
floodplain sediments may not be well preserved in all the strata, and also their spatial distribution of individual
markers may show significant variability.
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1. Introduction

Mineral magnetic studies are widely used as a tool for understanding
the environmental processes as well as archaeological research inter-
pretation and/or anthropogenically-induced pollution assessment
(Dekkers, 1997). History of application of the mineral magnetic methods
to sedimentary archives dates back to 1970s (Liu et al., 2012 and ref-
erences herein). The methods were used in various settings (e.g.,
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Thompson and Oldfield, 1986; Verosub and Roberts, 1997; Evans and
Heller, 2004). In a continental realm, for instance, diagnostic changes of
iron-bearing minerals in Pleistocene loess-palaeosol sequences reflect
glacial/interglacial climatic variations, associated with interglacial soil
formation controlled by summer monsoon rainfall oscillations (e.g., Liu
and Ding, 1998; Maher, 2007, 2011). Correlation between magnetic
susceptibility in the loess-palaeosol sequences and deep-sea oxygen
isotope records is connected to the global palaeoclimate signals (Ding
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et al., 2002; Evans and Heller, 2004). Mineral magnetic variations
recorded in lacustrine deposits often reflect relations between processes
affecting both the provenance area and depositional site (e.g., Oldfield
et al., 1983; Platzman and Lund, 2019).

The floodplain sedimentary archives can reflect natural and human-
induced processes influencing the river catchment. Such processes
include soil evolution as well as unsuitable land use, which often trigger
soil degradation, erosion, and re-deposition from the river catchment to
the floodplain environment. All could play a significant role in mineral
magnetic record stored in these floodplain sequences (e.g., Chaparro
et al., 2011; Chaparro et al., 2013; Chaparro et al., 2015; Novakova
et al., 2013; Chudanicova and Hutchinson, 2016; Chudanicova et al.,
2016; Sedlacek et al., 2019; Franke et al., 2020). Mineral magnetic
techniques have been also applied to assessment of pollution using
magnetic particles as tracers, often associated with increased heavy
metal contamination due to fossil fuel combustion or traffic (e.g., Maher
etal., 2008; Zhang et al., 2018; Wang et al., 2019), and are incorporated
in the sedimentary archives (e.g., Magiera et al., 2011; Oldfield et al.,
2015). The artificial spherical magnetite micro-particles are spread,
together with other industrial emissions, over large areas and settled on
the soil surface. During erosional events the pollutants are transported
together with eroded soil by sheet flow to the streams and subsequently
deposited in the floodplain environment (e.g., Knab et al., 2006; San-
deep et al., 2011; Fameéra et al., 2013).

Floodplain sediment aggradation and degradation are controlled by
(i) stream discharge changes influenced by climatic factors such as
precipitation and vegetation density in the stream catchment, (ii) tec-
tonic movement controlling the river gradient, and/or (iii) human in-
terventions including, e.g., forest clearance, intense land use, or
canalizing the stream channel. Changes in these controlling mechanisms
are responsible for evolution of river patterns related to characteristic
fluvial activity (e.g., Charleton, 2008). The temperate central European
floodplains are since the Late Glacial, when climate amelioration sup-
ported the vegetation development and the water discharge stabiliza-
tion, characterized by meandering river systems (e.g., Kalicki, 2006).
Meandering rivers are characterised by lateral shift of the channel cut-
ting older floodplain deposits, and subsequently incorporating the
eroded material into younger sedimentary beds, causing temporal and
spatial reconstruction of the floodplain evolution more complicated (e.
g., Kalicki and Krapiec, 1995). Recently, several multidisciplinary
studies, involving sedimentological, geochemical, and geophysical ap-
proaches, were undertaken with the aim to reconstruct the evolution of
the Morava River floodplain (e.g. Kadlec et al., 2009; Grygar et al., 2011,
2012, 2016; Babek et al., 2011, 2018), as well as the history of soil
erosion in controlling the sediment input to the floodplain (Nehyba
et al., 2010a; Nehyba et al., 2010b). Floods history of the Morava River
in relation to natural and man-made factors was studied by Brazdil et al.
(2011a). For example, Brazdil et al. (2011a, 2011b) reported that flood
frequency in this area was highest in the 1961-1970 decade. The fre-
quency of floods and extent of floodplain inundations decreased after
human interventions in 1930s. As regards the sedimentation rate, Gry-
gar et al. (2011) concluded that this increased from 0.2-0.3 cm/year in
700 CE to 0.3-0.4 cm/year in 2000 CE. These values are much smaller
than for other west and central European rivers, although the area has
been intensively used for agriculture and its land cover has changed in a
similar manner.

The Morava River floodplain archive should also record a significant
period related to the first large settlement centers built in the floodplain
during the 9th century. The contemporary inhabitants possibly affected
the natural floodplain environmental balance by a large forest clearance
around the settlements. These activities could change natural ground-
water oscillation regime leading to frequent floods (Polacek, 2007).

The present study aims at the palaeoenvironmental reconstruction of
the floodplain processes, controlled by both natural and anthropogenic
events in the Morava River floodplain deposits, by combination of
mineral magnetic methods and dating techniques. We intend to provide
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new information in addition to the results already published by, e.g.,
Brazdil et al. (2011a, 2011b), Grygar et al. (2010, 2011 and 2012) or
Macka and Kadlec (2016), in particular records related to the latest
period and effects of change in land use and man-made regulation of the
Morava River. In this sense, we build upon and extend significantly the
results published by Kadlec et al. (2009).

2. Geographic and geological settings

The study area, Straznické Pomoravi, is located in southern Moravia
along the central course of the Morava River (Fig. 1). The river catchment
area upstream of the Straznické Pomoravi has 9146 km?. Altitude of the
study area is from 166 to 169 m a.s.l. (www.straznicko.cz, in Czech). The
mean annual river discharge, measured at a gauge station Straznice at
Veseli nad Moravou (17.2976635°E, 48.933115°N), reaches 59.6 m’s!
(Méacka and Kadlec, 2016). The mean depositional rate between about
1000 to about 1900 CE is, depending on the sedimentary facies, from 0.2 to
0.6 mmy ! (Grygar et al., 2010). Average gradient of the river course is
0.13%o. The length of the meandering channel of the Morava R. through the
Straznické Pomoravi area is approximately 12 km. The river has a 50-70 m
wide channel incised into the floodplain sequences. The river channel was
partly canalized across two meanders in 1939-42 (Smetana, 2011). As a
consequence, the channel sinuosity has decreased from 1.60 to 1.31 and the
river level incised down to 6 m below the floodplain surface. In 1937-38,
the floodplain surface was artificially modified by flood dyke construction
following the meander belt. Since then, the floodplain deposition has been
mostly concentrated between the flood dykes (Macka and Kadlec, 2016).
More details on the channel network in Straznické Pomoravi can be found
in, e.g., Brazdil et al. (2011b).

The Holocene floodplain deposits up to 5 m thick are underlain with
5-8 m thick layer of fluvial sandy gravels, deposited during the last
glacial stage. Bottom of the Morava R. valley is built up from the marine
and continental Neogene sedimentary fill of the Vienna Basin (Havlicek
and Smolikova, 1994; Havlicek et al., 2007). The catchment of the
Morava River belongs to the principal fluvial systems of the Czech Re-
public, covering most of its eastern part, and geologically spanning the
Paleozoic basement of the Bohemian Massif as well as part of the
Western Carpathian orogen. While the area under consideration falls
entirely within the Neogene fill of the Vienna Basin, the upper reaches of
the Morava catchment drain a broad range of Paleozoic metamorphic
and sedimentary units, as well as the Neogene Upper Morava Basin
(Babek et al., 2018).

Climate in the area is temperate, with the mean annual temperature
of about 10 °C and mean annual precipitation between 585 and 600 mm
(Brazdil et al., 2011b, www.straznicko.cz). Present land use
(2002-2006) in the whole Morava River catchment is dominated by
arable land (41.5%), forest (37.3%), permanent grassland (11.5%), and
others (Brazdil et al., 2011a). Efforts to regulate the Morava River are
dated back to 1653, when a decision to make the river navigable was
made. The most significant effort was the construction of the Bata’s
Shipping Channel in 1934-1938 to transport lignite from the coal field
downstream of the StraZnice area to factories in Otrokovice and Zlin
upstream. Other projects were aiming at protection from floods (Brazdil
et al., 2011a).

3. Material and methods
3.1. Studied sediment sections and sampling strategy

The floodplain deposits are exposed in the natural erosional river
banks and are easily accessible. Modern point bar bodies, formed in new
segments of the Morava R. channel canalized in the late 1930s, expose
recently deposited sediments. The other sedimentary sections were ob-
tained by drilling the floodplain fill in different distances from the river
channel.

The sections exposed in the river banks were cleaned by removing
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Fig. 1. Top: Location of the Morava River catchment with the Straznické Pomoravi study area (rectangle). Arrows indicate the downstream direction. Bottom:
Scheme of the study area. 1 - modern river bed, 2 - abandoned meander, 3 - lacustrine sand and sandy gravel covered by aeolian sandy dunes, 4 - Late and Mid-
Pleistocene alluvial fans, 5- town, 6 - studied section (full dot — examined using magnetic and non-magnetic techniques, open dot — examined using non-magnetic

techniques), 7 — flood dykes. Modified after Kadlec et al. (2009), © SAGE 2009.

about 0.5 m of material and subsequently were sampled between the
floodplain surface and the low-stand water level. During the first sam-
pling campaign (in summer 2006), the samples were collected from 3
pilot sections located at distances ~5 km downstream from one another
along the Morava R. At each section, triplicate samples were collected at
each stratigraphic level using plastic boxes (6.7 cm® in volume) with a
vertical spacing of less than 0.5 cm between sampling horizons. Later
(October 2008 and 2009), the other sections, including the drilled cores,
were sampled along vertical profile with spacing between 0.5 cm and 5
cm. All studied sediment sections (see Fig. 1) were carefully described
and assessed from the river-dynamic point of view.

3.2. Laboratory techniques

3.2.1. Mineral magnetic analyses

Low-field volume-specific magnetic susceptibility (k) was measured
using both the MS2 Magnetic Susceptibility Meter (Bartington In-
struments, sensitivity 2 x 107° SI) and the KLF4 Magnetic Susceptibility
Meter (AGICO Ltd., sensitivity 1 x 107° SI). Bartington MS2 meter is a
single-coil instrument, which is sensitive to temperature drift. There-
fore, empty coil (air) was measured before and after specimen, and
average of these two values was subtracted from the specimen mea-
surement. In this way, each specimen was measured three times and

average value was calculated. The obtained values were transformed to
mass-specific magnetic susceptibility (y) using the sample weight after
drying in air and assuming the standard measurement volume of 10 cm®.
This parameter reflects, in specimens of the same composition of iron
oxides, mostly concentration of ferrimagnetic minerals (magnetite,
maghemite). Frequency-dependent magnetic susceptibility (yfd%) was
determined on the basis of the MS2 Magnetic Susceptibility Meter
measurements at frequencies of 0.465 and 4.65 kHz, expressed as
percent change relative to the value measured at the lower frequency.
This parameter is sensitive to relative amount of ultrafine, nano-sized
superparamagnetic ferrimagnets, produced mostly by pedogenic pro-
cesses (Dearing et al., 1996). Temperature dependence of susceptibility
was measured using the AGICO Meter from room temperature up to
700 °C. Shape of the curves reflects composition of the specimens in
terms of magnetic phases.

The susceptibility profiles were correlated with magnetic remanence
characteristics (natural remanent magnetization, NRM, anhysteretic
remanent magnetization, ARM, saturation isothermal remanent
magnetization, SIRM, ARM/SIRM, S ratio) determined by the 760-R
SQUID Rock Magnetometer (2G Enterprises, magnetic moment
<107'2 Am?) complemented with ARM unit and the SI-6 Pulse
Magnetizer (Sapphire Instruments) capable of 1100 mT peak induction.
Later during the research project, the magnetic remanence was
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measured using the JR-6 spinner magnetometer (AGICO Ltd., sensitivity
2 x 107% A/m). The AGICO Ltd. LDA-1 demagnetizer complemented
with AMU-ARM unit was used to impart an ARM to the samples. A
MMPM10 Pulse Magnetizer (generating magnetic field up to 3 T) was
applied to induce the IRM in the sediments. While NRM and SIRM are,
for samples of the same composition, sensitive to the concentration and
grain size of magnetic minerals, ARM is controlled by the relative con-
tent of fine-grained (sub-micron) stable single-domain (not super-
paramagnetic) magnetite (see, e.g., Peters and Dekkers, 2003). The S
ratio

(S = (1 — IRM_309 m1/SIRM)/2, after Bloemendal et al., 1992) re-
flects the composition in terms of ferrimagnetic magnetite/maghemite
and antiferromagnetic hematite/goethite. SIRM of magnetically soft
magnetite is completely remagnetized after application of 300 mT in the
opposite direction, while hematite practically retains the original value
and direction of SIRM. Thus, S ratio for magnetite would be 1, while low
S ratio values indicate higher relative contribution of hematite.

Magnetic hysteresis parameters of the bulk sediments or magnetic
extracts were acquired using the MicroMag VSM (Princeton Measure-
ments Vibrating Sample Magnetometer) in magnetic field ranging be-
tween —1.8 and 1.8 T (sensitivity 5 ° Am?). A paramagnetic
contribution (high-field magnetic susceptibility) was calculated from
the acquired hysteresis loops as a slope of the linear part at fields above
saturation of the ferrimagnetic component (typically above 1 T). This
was then subtracted from total mass-specific susceptibility in order to
assess the susceptibility related to ferrimagnetic component only,
assuming that the paramagnetic component is the same for low and high
field region. The same device equipped with an Edwards High Vacuum
System was used for thermal demagnetization of magnetic extracts to
determine the Curie points of the remanence carrying minerals.

Sediment grain size measurements were performed using Fisher
MICROTRAC II laser granulometer after a treatment of sediment speci-
mens in the ultrasonic liquid homogenizer. The grain-size values are
expressed as an average of the measured data set. Mineral magnetic
particles were separated using a permanent magnet applied on the
floodplain suspended sediments. In order to preform micro-chemical
analyses, magnetic extracts were cast in a resin and polished. The ana-
lyses were conducted using a scanning electron microscope (SEM) VEGA
3XM (Tescan, Czechia) with the multi-purpose Quantax 200 system
(Bruker, Germany). The energy dispersive spectrometry (EDS) was
carried out in high-vacuum mode, accelerating voltage of 20 kV,
absorbed by the stream of 500 pA, spot size of 0.5 pm, and working
distance for the analysis of 15 mm. The SEM images were obtained using
a back-scattered electrons detector.

The magnetic measurements and experiments were performed at the
Laboratory of Environmental Magnetism and Paleomagnetism at Mich-
igan Technological University in Houghton, at the Institute for Rock
Magnetism at University of Minnesota in Minneapolis, in the Paleo-
magnetic Laboratory of the Institute of Geology CAS in Prague, and in
the laboratory of Rock Magnetism of the Institute of Geophysics CAS in
Prague. The SEM analyses were accomplished at the Institute of Geology
CAS in Prague.

3.2.2. Radiocarbon dating

Samples of wood (with weight 10-20 g) collected from the studied
sections were processed for radiometric method of *C analysis in the
CRL radiocarbon laboratory of the Nuclear Physics Institute CAS v.v.i.
during period 2006-2011, using acido/alkali/acid pretreatment, com-
bustion and benzene synthesis, Gupta and Polach (1985). The resulting
benzene samples were measured with a Quantulus 1220, low-
background liquid scintillation spectrometer. Standard Reference Ma-
terial Oxalic Acid II (NIST SRM 4990C) was used for calibration of liquid
scintillation counting. Radiocarbon age in years BP was calculated
following the Stuiver-Polach convention (Stuiver and Polach, 1977)
with associated combined uncertainty (16) according Curie to (1995).
Tiny charcoal samples were dated in the Poznan Radiocarbon
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Laboratory in Poland (Poz) using acido/alkali/acid pretreatment, com-
bustion and hydrogen based routine of graphitization (Czernik and
Goslar, 2001). No freshwater fossils were found in the collected
material.

The conventional radiocarbon ages and corresponding uncertainties
were subsequently converted into the intervals of calibrated age using
OxCal 4.4 software with radiocarbon calibration curve IntCal20 (Ram-
sey and Lee, 2013; Ramsey, 2009; Reimer et al., 2020).

3.2.3. Dendrochronological dating

Samples of subfossil oak-tree trunks were taken in the form of discs
using a chainsaw. The analysis was performed in correspondence with the
standard dendrochronological methodology (Cook and Kairitukstis, 1990).
The tree-ring thickness was measured using a VIAS TimeTable measuring
system. Measuring and synchronizing of tree-ring series was carried out
using the PAST4 (©Sciem) application. The annual wood increments were
measured with 0.01-mm accuracy. The growth trend of individual tree-ring
series was removed by the ARSTAN application (Grissino-Mayer et al.,
1992) using a two-step standardization method (Holmes et al., 1986). First,
a negative exponential function or a linear regression curve, the one which
best expresses the change of the growth trend with age, were used (Fritts
et al., 1969). Other potentially non-climatically conditioned fluctuations of
values of radial increments, brought about by, e.g., competition or for-
ester’s interference, were balanced using the cubic spline function (Cook
and Peters, 1981). The chosen length of the spline function was 32 years
(Cook and Kairiukstis, 1990). Then the individual tree-ring series were
cross-dated. The cross dating is a search for the synchronous positions of
two tree-ring series. The synchronous position is demonstrated by a suffi-
ciently high similarity in the area where the tree rings overlap (Cook and
Kairiukstis, 1990). The degree of similarity between the tree-ring series was
evaluated using the correlation coefficient and the parallelism coefficient
(Gleichlaufigkeit, Schweingruber, 1983). These calculations facilitate the
optical comparison of both series, which is crucial for the final dating
(Rybnicek et al., 2010). The well correlating series were used to create the
average tree-ring series. Three average tree-ring series were dated using the
Moravia oak tree-ring chronology MORGES 2010 (Kolar et al., 2012).
When the dated series overlaps with the tree-ring chronology by more than
60 tree rings, the critical value of Student’s t-distribution at 0.1% level of
significance is 3.460 (Smelko and Wolf, 1977). When the samples did not
contain sapwood tree rings, we could only ascertain the year after which
the trees fell. Based on empirical studies, the oak sapwood usually contains
at least 5 tree rings related to the tree age and location in the Czech Re-
public (Rybnicek et al., 2006; Prokop et al., 2017). These tree rings need to
be added to the interpreted age.

3.2.4. Deposition age estimation based on ¥ Cs activity and persistent
organic pollutant (POP) content

The '¥7Cs analyses were performed to estimate the depositional age
using the identification of the most recent pollution associated with
atomic bomb testing and the Chernobyl nuclear power plant accident.
Sediment samples were dried (105 °C) and sieved through a 2 mm mesh.
Gamma spectrometry was performed utilizing a HPGe detector with a
relative counting efficiency of ca. 20% and 1.8 keV energy resolution (on
1170 keV from %°Co). Specific activities of 13”Cs were decay-corrected to
date 16.5.2006, when sediments were sampled. The corresponding
combined uncertainties were calculated for 1o following Curie (1995).
The analyses were performed in the CRL radiocarbon laboratory of the
Nuclear Physics Institute CAS v.v.i., Prague (Czechia). Despite the fact
that the 13Cs and 2!°Pb dating cover approximately the same age of last
hundred years and may be cross-correlated, in this study we used only
the former dating method. The main aim was to see the effect of the
Chernobyl event in 1986. The latter method was used in Kadlec et al.
(2009), but cross-correlation of the ages is beyond the scope of yhis
study.

The concentrations of dichlorodiphenyltrichloroethane (DDT) and
polychlorinated biphenyl (PCB) were determined using Varian GC 450



J. Kadlec et al.

gas chromatograph in the VZ Lab Ltd., Prague (Czechia), whereas the
total carbon content in the floodplain deposits was analyzed using TOC
Shimadzu device (model TOC-VCPN) completed with ultra-red detector
NDIR at the Czech Geological Survey, Prague (Czechia).

3.2.5. Timing of the flood events based on correlation of point bar sediment
lithology and historical flood record

The modern point bar bodies have been formed in the canalized
segments of the Morava R. since the late 1930s. Starting from the point
bar top in the Section S8 (Fig. 1), we followed the lithological changes
represented by sandy and clayey couples deposited during a single flood
event. Number of the couples was compared with a bank-full discharge
record archived by the Czech Hydrometeorological Institute in Brno.

4. Results
4.1. Lithologies and architecture of the floodplain deposits

On the basis of the sedimentary character and dating of preserved
organic material, the floodplain sequences exposed along the Morava
River can be divided into 5 distinct units (Fig. 2). The oldest Unit 1 is
composed of grey medium to coarse-grained sands and sandy gravels
directly deposited in an ancient river channel of the Morava River.
Interbedded with these sands and gravels are thick lenses (up to 50 cm)
of dark organic fen-like sediment, that also contain tree-trunk and wood
fragments. Unit 2, which overlies Unit 1, consists of greyish clayey silt to
silty clay deposited in an overbank environment. This unit has thickness
of up to 200 cm and contains a basal horizon composed of plant roots.
The next younger unit (Unit 3) consists of grey channel sands and
gravels. The thickness of this unit is up to 330 cm and contains tree
fragments (mainly oak); rare freshwater mollusk shells are also found
near the base of this unit. In two sections of Unit 3, tree trunk relics
showing in situ growth positions were identified. In addition, several
wooden poles, pegged to the underlying deposits of Unit 2, were exposed
in Section S9 due to modern river erosion. Lastly, the base of Unit 3 also
contains plant roots including reed-mace roots. Unit 4 overlies Unit 3
and consists of greenish, light grey or whitened overbank sandy clay or
clayey sand and brown or greenish massive clayey to sandy silt reaching
up to 190 cm in thickness. The base of the unit often contains a soil
horizon and plant roots. Reductimorphic Fe-oxide stains or ferric rhi-
zoliths dominate this unit. Charcoal horizons are also common. The
upper parts of this unit contain cut and fill structures associated with
Unit 5. The Unit 5, up to 200 cm thick, is formed by brownish sandy or
clayey silts, intercalated with lenses or sand layers up to 20 cm thick,
representing a natural levee or crevasse splay deposits, respectively. The
sediments contain charcoals and scarce wooden fragments close the base
of the unit. The top of the Unit 5 is covered by modern vegetation.

Point bar deposits, which have been formed recently in the canalized
passages of the meandering river channel, show alternating beds of light
brown sand and dark brown clayey silt with thickness varying between 2
and 55 cm. The total thickness of the point bar sequences, exposed above
the water level, can reach up to 400 cm.

We also drilled through the organic deposits, filling one of abundant
meander channels at the floodplain edge (Sections S15 and S16). The
obtained core consists of 194 cm thick dark fen-like deposits (mostly
gyttja) intercalated by river channel sand 106 cm thick.

4.2. The age of the floodplain deposits

Radiocarbon dating of the organic materials preserved in situ in
various units, i.e. the tree-trunk fragments standing vertically in the
sediments, reed-mace roots, wooden piles pegged in the clayey sedi-
ments and fixed with stones, were compared with dendrochronological
ages of the oak-tree trunks buried in the floodplain deposits. The tree-
ring thickness variations enable to determine three series with end
times of 1058, 1322, and 1647 years AD. Statistical similarity between
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Fig. 2. Scheme of floodplain sequences (not to the scale) based on sediment
lithology and dating of preserved organic material. Radiocarbon ages are shown
as calendar years by a median of two-sigma time interval (in parentheses, see
Table S1 in Supplementary file).

1 - Meandering channel sand and sandy gravel, 2 — Overbank silty and clayey
deposits, 3 — Point bar sandy and silty deposits, 4 — Natural levees sandy and
silty deposit, 5 — Organic sediments, 6 — Soil horizon abundant with vegetation
roots, 7 — Tree trunks in situ position, 8 — Re-deposited tree trunks, 9 — Wood
fragments, 10 — Reed-mace roots, 11 — Mollusk shells, 12 — Cut pole pegged
into sediments

the average series and the tree-ring chronology is very high. Also
calculated t-test values are considerably high, supporting good reli-
ability of dating results. All obtained ages are summarized in the
Table S1 (Supplementary file).

The oldest floodplain deposits (Unit 1) are preserved in the fossil
meanders at the NW floodplain edge (Sections S15 and S16). The basal
organic sediments were deposited during Late Glacial as indicated by the
age of the gyttja dated to 10,963 (11113-10,815) years BC. The organic-
rich sediments corresponding with the Unit 1, preserved at a base of the
Section S1, revealed an age of 8921 (9141-8701) years BC, whereas the
wood and tree-trunk fragments from the same unit span time interval
between 5398 and 1611 years BC (Kadlec et al., 2009).

The overlaying overbank deposits (the Unit 2) were deposited after
ca. 1800 years BC and they were partly destroyed by lateral erosion
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since ca. 450 years AD. The Unit 3 covers time span between ca. 450 and
1450 years AD. The age of the overlaying overbank deposits of the Unit 4
varies between ca. 1450 and 1600 years AD and the youngest Unit 5 has
been depositing since 1600 years AD based on radiocarbon and
dendrochronological dates (Table S1 in Supplementary file, Fig. 2).

The increased '*’Cs activities, corresponding to contamination
related to the Chernobyl nuclear accident in 1986 and nuclear weapons
test (namely in beginning of 1960s), are detectable down to 90 cm below
the floodplain surface in the sediments exposed in modern point bar
sediments (Section S8). However, in the more distant floodplain sedi-
ments the measurable '3’Cs concentrations were detected only in the
topmost 25 cm of the sequences (Fig. 3). The !3’Cs-related peak also
proves that this sediment layer was deposited after the flood dykes
construction.

Increased POP (DDT) concentrations are present in the topmost
portion of the floodplain sequences. The contamination extends to 35 cm
below the floodplain surface (between the dykes) and 10 cm below the
present-day floodplain surface (outside the dykes), respectively (Fig. 3).

4.3. Mineral magnetic characteristics

4.3.1. Magnetic susceptibility

The mass-specific low-field magnetic susceptibility ()) determined in
the river-side sections reaches the highest values (30 to 48 x
10’8m3kg’1) in the topmost 30-50 cm in each section (Figs. 4-6). The y
values then show a noticeable decrease downward to 200 cm depth and
remain low throughout the rest of the sections. The deepest parts of our
sections show y values of about 10 x 10-8 m3/kg and lower, which
correspond well with the values of the deepst layers from the same area
in Grygar et al. (2010, 2011). Occasionally there are some local peaks
between the magnetically enhanced topmost layer and the depth of
about 200 cm. Only the topmost ~25 cm of the floodplain sequence
(Unit 5) reveal reliable values of the frequency-dependent magnetic
susceptibility yfd%, usually between 2% and 4%, occasionally reaching
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7% (Fig. 4). Values of 4% and higher may indicate presence of nano-
sized superparamagnetic magnetite of pedogenic origin (Dearing
et al.,, 1996). Below 50 cm, this parameter shows very scattered, and
even negative values (not justified by physics), which are considered as
artefacts due to low sensitivity of the instrument (volume susceptibility
being well below 10 x 107> a.u.). The other sections show similar
behavior.

The modern point bar deposits (Section S8) show variations y below
20 x 10~®m%kg! in the topmost 90 cm. The middle portion of the
section reveals higher oscillations up to 60 x 10~ °m>kg~!, with sus-
ceptibility peak values related to the finer deposits. The exposed lower
part of the point bar shows susceptibility variations around 20 x
10 8m3kg ! (Fig. 7).

Vertical distribution of magnetic susceptibility in two neighboring
sections, separated by flood dyke, is shown in Fig. 8. The floodplain
sediments deposited outside the dyke do not record any remarkable
magnetic enhancement in the topmost portion of the sedimentary
sequence. The mass-specific magnetic susceptibility curve is practically
flat with values oscillating between 6.1 and 10.1 x 10~3m®kg 1. This
more or less stable pattern can be observed also in the deeper part
(below 50 cm) of a neighboring section inside the flood dyke (Fig. 8).
The change in the pattern in depth of about 50 cm may reflect the effect
of higher erosion rate combined with the protective role of the flood
dyke. However, this observation does not have general validity; sections
more distant from the dyke show different patterns.

There is no meaningful correlation between vertical distribution of y
and the sediment mean grain size (Fig. 9, Pearson correlation coefficient
R of —0.0525 for Section S1 and 0.138 for Section S12). Available age
data do not enable reliable interpretation of the anomalies. Probably,
the peak in grain size in Section S12 may be linked rather to formation of
modern meander belt around 1650 than to the beginning of the Little Ice
Age. Heating curves of the temperature dependence of (volume-specific)
magnetic susceptibility x show changes of magnetic phases with
increasing temperature (Figs. S1 and S2 in Supplementary file). The first

Fig. 3. Variations of the 13’Cs activity (full symbols) and dichlorodiphenyltrichloroethane (DDT) dry-mass concentration (open symbols) along the selected sections.

Grey bands indicate horizons corresponding to the Chernobyl nuclear accident.
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Fig. 4. Magnetic mineral characteristics along Section S1. x — low-field mass-specific magnetic susceptibility, yfd% — frequency-dependent susceptibility (anomalous
values out of range not shown), NRM - natural remanent magnetization, ARM - anhysteretic remanent magnetization, SIRM - saturation isothermal remanent

magnetization.

increase at 270-300 °C is followed by k decrease. This can be attributed
to the presence of organic carbon (Maher, 1998; Kapicka et al., 2001,
2003), rather than to the presence of iron sulphides (such as antiferro-
magnetic greigite). Next increase peaks at about 500 °C, and is followed
by steep decrease usually to values close to zero. Curie point is estimated
to be between 550 and 580 °C, using the linear paramagnetic behavior of
inverse susceptibility (Petrovsky and Kapicka, 2006; Fabian et al.,
2013). This suggests the presence of magnetite. The changes in magnetic
phases are more distinct with increasing organic matter content in the
sediments (Fig. S1 in Supplementary file). The cooling curves reach
higher values due to magnetic phase changes in the sediments. The
changes are more distinct in the fine sediment fraction below 0.5 mm
(Fig. S2 in Supplementary file).

4.3.2. Remanent magnetizations

The NRM, ARM, and SIRM records show similar patterns. The
highest values occur in the topmost ca. 50 cm in the sections, followed
by decrease downward through occasional local maxima in the sections
to 200 cm depth, and then stay very low throughout the rest of the
sections (Figs. 4-6). Variations of the S ratio show decrease in the clayey
bed whereas the ARM/SIRM values are decreasing in the bottom portion
of the sections, followed by slight rise in the clayey sediments and a
decrease in the upper portion of the sections.

The presence of magnetite in the upper ca. 50 cm of the studied
floodplain sequences is documented by the Curie temperature (578 °C)
revealed by temperature dependence of remanent magnetization,
measured from room temperature to 700 °C on magnetic extracts from

Section S7 NRM ARM SIRM
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Unit 5

Unit 4

Unit 3

4, but for Section S7.
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Fig. 6. The same as in Fig. 4, but for Section S12.

the horizon 32.8 cm in the Section S12 using MicroMag VSM (not
shown). The presence of low-temperature oxidized magnetite (Ozdemir
et al., 1993) is also supported by weak Verwey transition at about 120 K,
observed on curves of temperature dependence of remanent magneti-
zation acquired at room temperature in the field of 2.5 T and measured
from room temperature down to 5 K for both bulk specimen and mag-
netic extract of the same horizon using MicroMag VSM (not shown). The
same ordering related to the Verwey transition was reported by a sus-
ceptibility increase at about 120 K (Kadlec and Diehl, 2005). The
IRM/SIRM ratios show a presence of magnetically “weaker” mineral in
the topmost part of the floodplain sequences following increased con-
centration of magnetically “harder” minerals downward (mainly in the
Unit 4) in the Sections S1, S7, and S12 (Figs. 4-6).

The NRM, ARM, SIRM variations, measured in the modern point bar
deposits are related to the sediment lithology changes. The higher values

were mostly measured in the clayey layers whereas sandy beds show
lower signal of the remanent magnetizations (Fig. 7).

4.3.3. Magnetic hysteresis

The low and high temperature VSM experiments yielded very narrow
hysteresis loops. The magnetic saturation of measured sedimentary
material is low especially in the lower portions of the sections (Figs. S3
and S4). Shape of the loops is typical for ferrimagnets. In deeper layers,
the loops are practically straight and reversible, suggesting prevalence
of paramagnets. Antiferromagnetic phases such as hematite or greigite
would, in mixture with magnetite, result in wasp-waisted loops (e.g.,
Tauxe et al., 1996), which we did not observe. The peak observed on
thermomagnetic curves at 270-300 °C (Figs. S1 and S2 in Supplemen-
tary file) may suggest the presence of goethite, but it is rather the effect
of organic carbon, observed in humus-rich topsoils (e.g., Maher, 1998;
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Fig. 7. The same as in Fig. 4, but for Section S8 (point bar). Drop of susceptibility at about 90 cm corresponds to the Chernobyl event in 1986 (Fig. 3).
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Fig. 8. Mass-specific magnetic susceptibility y of the floodplain sediments
outside (Section S18) and inside (Section S10) the flood dykes.

Kapicka et al., 2001, 2003). Magnetite contents in the Section S12,
calculated from the saturation magnetization, assuming the value of 92
Am?/kg for pure magnetite (e.g., Dunlop and Ozdemir, 1997), vary
between 0.013 and 0.236% in the uppermost 150 cm of the sequence
and between 0.003 and 0.01% below 150 cm.

The high-field susceptibility values reach 3 to 10 x 10”8 m®kg ! and
generally correlate with the mass specific susceptibility variations. The
percentage ferrimagnetic component ygeri of the total susceptibility,
calculated using yiow, Yhigh, and ytota1 Values, is increasing upwards in the
section, except for the sandy layers (Fig. 10).
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4.3.4. Scanning electron microscope analyses

The SEM images of the magnetic extracts show both spherical and
angular particles of sizes up to 100 pm. Composition of the spherical
particles is varying from dominating FeO to mixture of FeO and SiO; or
FeO and TiO, (Table S2 in Supplementary file). Some of the micro-
chemical analyses revealed increased Al,Os concentration. Angular
particles are composed of FeO or a mixture of SiO; and FeO, including
higher content of MgO, Al;03 or CaO (Table S2 in Supplementary file).
Spherical magnetic particles were found in the topmost 50 cm of the
floodplain sequences. However, they are missing below this depth,

Ferrimagnetic Component [ % ]

0 20 40 60 80 100

100

Depth [cm ]

200 -

300-

Fig. 10. Ferrimagnetic component variations through the floodplain sequences
(Units 4 and 5) exposed in the Sections S1 (upstream) and S12 (downstream).
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Fig. 9. Comparison of mass-specific magnetic susceptibility y (full symbols) and sediment mean grain size (open symbols) in the Section S1 (left) and S12 (right).
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Fig. 11. The SEM images of the magnetic particles present in the magnetic extracts acquired from the floodplain deposits exposed in the Sections S10 and S17.
Top left — natural angular and industrial spherical magnetic particles from 5 cm depth, Section S10; top right — natural angular magnetic particles from 100 cm depth
below present-day floodplain surface, Section S10; bottom left — detail of the spherical particle from the center of the image at top left; bottom right — detail of the
spherical particle from the depth 7 cm, Section S17. For chemical composition of the particles see Table S2 (Supplementary file).

where only angular magnetic particles are present (Fig. 11).

5. Discussion
5.1. Timing of the fluvial processes

The Morava R. floodplain sediments were deposited in channel and/
or overbanks related to the meandering river. Using combination of
lithological assessment and several dating approaches we were able to
determine a succession of up to five periods of the floodplain sediment
aggradation (Units 1-5) — see Fig. 2. However, not all the units are
preserved in one complete section. Modern river side exposures usually
show only the younger sedimentary Units 3-5.

The oldest floodplain organic deposits (Unit 1) were found in
palaeomeander relics at the NW edge of the Morava R. floodplain
(Section S15). These sediments were deposited during the late deglacial
period or early Holocene (11158-10,771 years BC). In contrast, the
channel sand and sandy gravels, also from Unit 1, but exposed at the

10

base of the Section S1, contain organic deposits including wood and tree
trunk fragments yielding ages between 9150 and 1602 years BC (using
radiocarbon dating, Kadlec et al., 2009). Large scatter of ages acquired
from this single sedimentary bed is a result of complete reworking of
older floodplain deposits by the river channel lateral shift, causing a
concentration of tree fragments of different age in one layer (see Kalicki
and Krapiec, 1995). Unit 1 deposits were overlain by clayey overbank
sediments of the Unit 2. Dating of reed-mace roots from the upper part of
this unit yielded an age of 1650 (1879-1421) years BC. Angular cut
poles, forming possible part of a foot bridge, were pegged into that clay
surface of the Unit 2 in the Section S9. Age of the poles is 1282
(1153-1411) years AD (Kadlec et al., 2009). Radiocarbon dating of
shells, in situ preserved stump, and the dendrochronological dating of
the tree trunk fragments show that the Unit 3 was deposited between ca.
450 and 1450 AD. During the same period, the fluvial sand and sandy
gravel completely filled the meandering several meters deep river
channels surrounding the archaeological complex of the Mikulc¢ice
Castle located 20 km downstream. The channels were used for fishing
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and boat transportation during the 9th/10th century, when the castle
was the most flourishing (Polacek, 2000). Especially the first half of 14th
century was affected by extreme floods (e.g., Brazdil et al., 2011a,
2011b) and running water erosion due to heavy rains combined with
extended central European agriculture activities. The most devastating
flood in last 1500 years occurred in the central Europe in 1342 (Bork,
1989).

Unit 4 in the Morava R. floodplain sequences spans time period be-
tween 1450 and 1650 AD based on radiocarbon dating of the charcoal
and wood fragments. The dendrochronological age of the tree trunk
fragments, preserved in the Section S6, revealed the meandering chan-
nels incision into the under laying Unit 3 and subsequent filling since
1650 AD (Fig. 2). The age of the youngest Unit 5 covers time interval
since 1650 AD until present. The topmost portion of the floodplain se-
quences, up to 70 cm thick, was deposited after the last mid-century
based on the POP (DDT) and 137¢g age estimation (Fig. 3). The 137 ¢
contamination, preferentially fixed to silty and clayey particles, partly
migrated vertically downwards due to groundwater level oscillations.
Therefore the measured 1’ Cs activity decreases continuously bellow the
interpreted Chernobyl nuclear accident marker (see Sedlacek et al.,
2013).

The modern point bar bodies have been formed by sediment accre-
tion during flood events when the Morava R. discharge exceeds 470
m3s~! (Pilafova, 2008). The single flood creates a couple of sandy and
silty layers (Fig. 7). Correlation of these couples with measured
discharge record allows us to assign the sediments to discrete flood. This
approach was supported by the 13’Cs activity measured in the sedi-
ments. The highest 137Cs values, related to the 1986 year, was detected
90 cm below the top of the point bar (Fig. 3). This may be related to drop
in susceptibility observed in Section S8 (Fig. 7). This is consistent with
the flood records referring to about 7 floods since 1986 (Pilarova, 2008).
Thus, it seems that point bars, e.g. Section S8 (Fig. 7), reflect better flood
events than floodplain sediments. However, to prove this, more reliable
dating values should be available.

We are not able to estimate the average aggradation rate for Units 1
and 2. The Unit 1 represents time period since Late Glacial to the end of
the Mid- Holocene climatic optimum. Following climatic deterioration,
erosion and complete reworking of the older floodplain fills by
meandering river channel occurred. Thickness of the above lying over-
bank deposits (Unit 2) was most probably also modified due to partial
erosion. Therefore, the sections along the erosional river banks usually
show only the younger portion of the Morava R. floodplain fill (Units
3-5). The channel sand and sandy gravel (Unit 3) reflect increased
fluvial activity since the 9th and especially in the 10th century, as
documented in the fluvial systems across central Europe (Kalicki, 2006).
We can estimate an average aggradation rate of about 0.2 cm/year in the
Unit 3. The average aggradation rate in the above laying overbank
clayey deposits (Unit 4) rises to 1.2 cm/year probably due to increased
erosion of soils related to the field land enlargement and Medieval
agriculture climax in the Morava R. catchment (see Svoboda et al.,
2003). The forest clearance and intense burning are documented by
charcoal horizons abundant in the Unit 4.

Formation of modern meander belt (about 1650 AD, early period of
the Unit 5) was triggered by climatic deterioration in the Little Ice Age,
and is continuing until present. The floodplain deposition along the
modern river channel was accelerated since the flood dykes construction
in the late 1930’s. Formation of extremely large agricultural fields since
1950’s also contributed to the soil erosion enhancement (Zadorova
et al.,, 2011). The average aggradation rate ranges between 0.7 and 1
cm/year during the last 70 years. The depositional rates assumed by
Grygar et al. (2011), based on geochemical logging in the Morava R.
floodplain, seem to be underestimated probably due to uncertain timing
of the depositional events. Use of radiocarbon dating of possibly older
re-deposited organic material (charcoal and small tree branch frag-
ments) to the younger floodplain sediments could complicate final
interpretation of the depositional history.
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5.2. Natural factors controlling the mineral magnetic variations in the
floodplain deposits

The magnetic properties of the source material and post-depositional
weathering and pedogenic processes, both in the floodplain and in the
catchment area, are the main factors controlling the resulting magnetic
characteristics of the floodplain deposits. The soils, developed during
the Holocene on glacial loess or loess-derived deposits in the Morava R.
catchment, represent the main source of magnetic minerals transported
and deposited in the floodplain environment. The lithology and diage-
netic grain size variations of the floodplain sediments play also a crucial
role and complicates the use of the mineral magnetic techniques. Our
data suggest that only Unit 5 (at some places may be also Unit 4) pre-
serves original magnetic particles, which did not undergo diagenesis
through gleying, and is thus the most suitable for the magnetic analyses.
For this reason, in the Straznické Pomoravi floodplain area, the sedi-
ments available for mineral magnetic study cover time interval of ca. last
600 years. However, the groundwater oscillation in the floodplain de-
posits accelerated the post-depositional reductive dissolution of iron
oxides caused by gleying processes (e.g. Thompson and Oldfield, 1986),
which erased the magnetic signal from depths 250-300 cm downwards.
The ferrimagnetic minerals were replaced by goethite as documented by
low temperature demagnetizing experiments and decreased S ratio
(Figs. 4-6). The presence of goethite in most of the investigated sections,
together with a significant paramagnetic contribution, made it impos-
sible to interpret meaningfully the Day plot (Day et al., 1977) from our
VSM data. The applicable magnetic record is thus reduced to about the
last 400 years.

The reductive dissolution of ferrimagnetic carriers decreased y and
magnetic remanence values in the lower portion of the Unit 4. This is
followed by a slight increase in the same unit upwards due to higher
concentration of the ferrimagnetic minerals (Figs. 4-6). This is most
probably related to more intense erosion and re-deposition of the soil
particles from the river catchment (Dearing et al., 1987). The increase of
both susceptibility and remanence values continues through the above
lying natural levee deposits (Unit 5), reaching the highest values in the
topmost 50 cm (Figs. 4-6, also discussed later in Section 5.3). Little Ice
Age (1450-1850) is known to cause climatic deterioration, accompanied
by heavy precipitation, subsequent floods, accelerated field soil erosion
and re-deposition of the eroded material in the floodplain (e.g., Rumsby
and Macklin, 1996). For instance, Svoboda et al. (2003) reported cata-
strophic floods and erosion of the arable soil that occurred in the central
Europe in periods 1560-1573 and 1576-1582.

Higher values of the SIRM and S ratio in the topmost 50 cm indicate
the presence of magnetite with increased magnetic grain size, as sug-
gested by the decrease of ARM/SIRM (Figs. 4-6). Shape of the hysteresis
loops also indicates dominating presence of the magnetite. Sandy beds,
deposited during floods on the natural levees or in the crevasse splay
aprons (Unit 5), are responsible for decrease of the magnetic parameters
due to prevalence of diamagnetic quartz grains. In such case, oscillations
in magnetic properties are controlled mostly by lithological changes
related to the flood water flow regime, depositional conditions and local
morphology in the river channel and its surroundings. Therefore,
detailed temporal correlations of local maxima and minima in the
magnetic logs are difficult.

5.3. Anthropogenic impacts on the mineral magnetic variations in the
floodplain deposits

The origin of magnetic enhancement, revealed in the topmost 50 cm
of the floodplain sequences, consists of two contributions: (i) magnetite
originated during agriculture cultivation of the field soils in the Morava
R. catchment, and (ii) magnetic particles related to industrial pollution.
While the latter effect is well described in many papers, the former one is
less studied. However, land-use processes, such as tillage and fertilizing,
increase soil organic matter content, which promotes magnetite
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neoformation through soil redox processes (e.g., Frankl et al., 2021).
Higher concentration of pedogenic single domain (SD) and/or pseudo-
single (PSD) domain particles in the topmost 50 cm of the sediment
sequences is supported by the highest ARM values. Presence of magne-
tite is documented by increased SIRM and higher S ratio values
(Fig. 4-6). The uppermost Unit 5 (~25 cm) shows reliable values of the
frequency-dependent magnetic susceptibility yfd%, usually between 2%
and 4%, occasionally reaching 7% (Figs. 4-6). Values of 4% and higher
may indicate presence of nano-sized superparamagnetic magnetite of
pedogenic origin (Dearing et al., 1996). Our data suggest that magnetic
enhancement is not due to pedogenic SP magnetite. The relatively low
concentration of SP particles could be related to their weathering and
dissolution during the re-deposition from the fields to the floodplain
environment. The upward increasing trends of the ferrimagnetic
component in the sedimentary Units 4 and 5 (Fig. 10) document the
increase of input of the eroded field soil material to the Morava R.
floodplain during last four centuries. This pattern is practically identical
for two distant sections, upstream (S1) and downstream (S12), both
inside the flood dykes. The erosion is related to agricultural activities
along the central segment of the Morava R. since the Medieval times and
especially after World War II, when large field tracts were formed during
agrarian collectivization since 1950’s (e.g., Orsillo, 2008; Pernes, 2016).

The magnetic enhancement, detected only in the floodplain sedi-
ments deposited between the flood dykes (Fig. 8), may be attributed to
higher accumulation of sediments during high-water events, when the
deposition in wider area is prevented by the dam. This may be also
affected by incorrect land-use management during the last 70 years
during agrarian collectivization, such as merging small fields, removing
balks and groves, and monoculture farming, resulting in soil more
vulnerable to erosion. Timing of the enhancement correlates with Pb
and POP pollution concentrations, increased in the second half of the
last century (Kadlec et al., 2009).

The second source of the magnetic enhancement is in the presence of
spherical magnetic micro particles, which originated during fossil fuel
combustion and consist predominantly of iron oxides or a mixture of
iron and silica oxides. Especially magnetite microspherules are formed
at high temperatures from pyrite presented in the coal (Flanders, 1994).
The magnetic particles were deposited from the air on the Earth surface
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and later were re-deposited due to erosion to the Morava R. floodplain.
The high concentration of spherical magnetite particles was identified in
the depth interval of 0-50 cm below the floodplain surface (Fig. 11), and
it reflects increased pollution deposition related to development of the
Czechoslovak industry after the World War II. In lower horizons, only
the angular magnetic particles were observed in the magnetic extracts
(Fig. 11).

The original magnetic signal in older sediments (Units 1, 2 and 3)
could be originally higher then today, but has decreased due to magnetic
mineral weathering triggered by groundwater oscillation, supporting
the gleying processes. Although it is reported that reductive dissolution
of, e.g., goethite results in formation of magnetite (e.g., Till and Now-
aczyk, 2018), we believe that in our case reductive conditions induced
dissolution of the ferrimagnetic minerals, process similar to that
described by Sundman et al. (2017), and neoformation of goethite in the
clayey beds. The observed magnetic enhancement in the top layers re-
flects present distribution of ferrimagnetic iron oxides. The potentially
higher values in the older units can’t be reconstructed. Therefore, his-
torical record of magnetic enhancement with possibly higher values of
the bottom units remains speculative. Possible relationship between the
climatic conditions, environmental events, human activities and mag-
netic record in the time span with preserved original iron oxides is
depicted schematically in Fig. 12.

The high-resolution record in the point bar sequence shows increased
magnetic signal in silty deposits containing the fine grained soil material
eroded from fields (Fig. 7). Based on discrete flood resolution, the
highest concentration of magnetic iron oxides reflects increased indus-
trial pollution of the Morava R. catchment between 1972 and 1985. This
could be related to acceleration of development of heavy industry and
iron smelting complexes located at the Czech/Polish border, which are
long-term sources of heavy pollution affecting large regions in the
eastern part of the Czech Republic (Antusakova, 2013).

6. Conclusions

The Morava River floodplain architecture in the Straznické Pomorav{
area (Czech Republic) is characterized by alternating aggradation and
degradation cycles since the Late Glacial. Up to five aggradation units

Impact on
Floodplain

Magnetic Record

Preserved
magnetic record

Dissolution of fine pedogenic particles
Loss of original magnetic record

Fig. 12. Scheme of the main outcome of the study - relationship between different factors affecting the floodplain sediments and their possible magnetic record.
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were recognized. The exposed river bank shows sediments deposited
mostly during last millennium. Timing of the floodplain evolution using
radiocarbon dating approach was often complicated by the re-
deposition and re-sedimentation of organic material. Only tree stumps
or reed-mace roots preserved in situ offered credible ages. The high-
resolution flood records were found in the point bar sequence formed
since canalizing the Morava R. channel.

Only limited period of sediment deposition is available for reliable
magnetic investigation (Units 4 and 5). Despite that, magnetic variations
reveal continuous increase of ferrimagnetic minerals (magnetite/
maghemite) input to the floodplain. Frequency-dependent susceptibility
does not prove unambiguously that magnetic enhancement in the up-
permost layer is due to superparamagnetic magnetite of pedogenic
origin. Even though, this enhancement may be related to the soil erosion
in the Morava R. catchment. Although our data in general do not reflect
a detailed record of individual floods, we can observe features that can
be related to human activities. Moreover, reliable dating of individual
events is obstructed by redeposition of sediments during floods. The
most recent flood deposits are concentrated between flood dykes, con-
structed at the end of the 1930s. The erosion accelerated since the 1950s
due to incorrect land use and the introduction of the corresponding
agriculture techniques. The industrial pollution significantly contributes
to the magnetic enhancement of the topmost 50 cm of the floodplain
sequences.

Despite the local character of the study, we may draw a general
conclusion that the records of paleoenvironmental changes and human
activities in floodplain sediments may not be well preserved in all the
strata. Moreover, the spatial distribution of individual markers may
show significant variability, which may complicate cross-correlation
even between sites very close to each other (in our case separated by
flood dyke). However, from the point of view of future studies, the
clastic floodplain sediments exposed along the Morava R. channel in the
Straznické Pomoravi area are suitable for high-resolution pollution and
environmental studies covering mostly last century and especially
period since 1950 to present-day.
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