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ARTICLE INFO ABSTRACT

Keywords: Up to several meters thick fine-grained Holocene overbank deposits are ubiquitously found in most Western and
Fluvial geomorp.h?logy Central European lowland floodplains. However, despite their large importance for the geomorphological and
Overbank deposition geoecological floodplain properties, the interplay of different possible causes for their formation are not well

Central Europe

- understood yet. Most authors suggest human-induced deforestation as the main precondition for sediment
Settlement activity

Climate changes mobilization and transport from the slopes to the floodplain, whereas others suggest a stronger influence of

Landscape sensitivity climatic factors. This current research gap is caused by often missing well-resolved fluvial chronostratigraphies

Holocene and spatio-temporal information about former human activity within the studied catchments. To fill this gap we
exemplarily studied Holocene overbank sedimentation and possible human or natural drivers in the meso-scale
WeiBe Elster catchment in Central Germany. To do so, we applied numerical dating as well as sedimentological
and micromorphological analyses to Holocene fluvial sediments along three floodplain transects. Furthermore,
we built up an unprecedented systematic spatio-temporal database of former human activity within the catch-
ment from the Neolithic until the Early Modern Ages. Together with published paleoclimatic data, this database
allowed an unprecedented, systematic comparison of Holocene overbank sedimentation phases with possible
external controls. Our data show that some overbank sedimentation phases were directly linked with human
activities in the affected site sub-catchments, whereas others were not. Instead, all phases seemed to be linked
with natural factors. This difference with most former studies could possibly be explained by previously often
limited numerical dating of the fluvial sediments and by largely missing spatio-temporally well-resolved regional
settlement records, hindering a precise temporal link of fluvial sedimentation with former human settlement.
Furthermore, this difference could possibly also be explained by a relatively high natural sensitivity of the
landscape dynamics in the Central German lowlands, showing a subcontinental climate, towards climatic
external controls.
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1. Introduction

Up to several meters thick Holocene fine-grained overbank deposits
consisting of sand, silt and clay (Brown et al., 2018) are ubiquitously
found in most Western and Central European lowland floodplains
(Macklin and Lewin, 1993; Starkel et al., 2006; Hoffmann et al., 2007;
Hiirkamp et al., 2009; Notebaert et al., 2011; Fuchs et al., 2011; Houben
et al., 2013; Gebica et al., 2016; Kirchner et al., 2022). Their deposition
strongly changed the geomorphological and geoecological floodplain
properties, since prior to their deposition (i) the valley floors were
largely dominated by thin fine-grained organic-rich sediments or peat
deposits (Rittweger, 2000; Broothaerts et al., 2014a; Brown et al., 2018),
(ii) the channel patterns were braided or anabranching/anastomosing
and not meandering as today (Notebaert et al., 2018; Brown et al.,
2018), and (iii) due to a higher flood risk and relatively higher
groundwater table caused by their lower elevation above the river
channel floodplains often were less suitable for human activities (Lespez
et al., 2013; Tinapp et al., 2019). Furthermore, Holocene overbank de-
posits form important storages for organic carbon (Sutfin et al., 2016;
Swinnen et al., 2020) and pollutants (Hiirkamp et al., 2009; Buchty-
Lemke et al., 2019). However, despite their large importance for the
geomorphological and geoecological floodplain properties, the interplay
of different possible causes of Holocene overbank deposition is currently
not fully understood: Whereas most authors suggest human-induced
deforestation as the main precondition to allow sediment mobilization
and transport from the slopes to the floodplains (Starkel et al., 2006;
Tinapp et al., 2008; Hiirkamp et al., 2009; Fuchs et al., 2011; Notebaert
et al., 2011; Houben et al., 2013; Stolz et al., 2013), also based on in-
dividual pre-Neolithic fine-grained floodplain deposits others suggest a
stronger influence of climatic factors (Liittig, 1960; Lespez et al., 2008;
Gebica et al., 2016; Kirchner et al., 2022). On the one hand, this current
research gap is caused by often missing well-resolved fluvial chro-
nostratigraphies. On the other hand, apart from singular studies (Broo-
thaerts et al., 2014b; Kirchner et al., 2022) well-resolved spatio-
temporal information about former human activity within the studied
catchments is largely missing.

The floodplain of the meso-scale WeiBe Elster River in Central Ger-
many is well suited to systematically address this research question: (i)
Its catchment is mostly covered by loess and loess sediments, causing a
high susceptibility towards external human or climatic disturbances
(Haase et al., 2007; Wolf and Faust, 2013), (ii) Its catchment has been
settled since the Early Neolithic, showing a long history of human
occupation (Tinapp and Stauble, 2000; Miera et al., 2022), and (iii)
unlike many other Western and Central European Holocene floodplains
with overbank aggradation only starting about 4-2 ka (Niller, 1998;
Fuchs et al., 2011; Houben et al., 2013; Stolz et al., 2013; Notebaert
et al., 2018), significant amounts of such fine-grained sediments were
already deposited since about 7-5 ka (Litt et al., 1987; Fuhrmann, 1999,
2005; Tinapp, 2003). However, most former studies in the WeiBe Elster
river system investigated only single isolated sites instead of multiple
floodplain cross-sections. Furthermore, they largely lacked highly
resolved and precise age control, and mostly also well-resolved spatio-
temporal information about former human activity in the catchments
(Neumeister, 1964; Handel, 1967; Fuhrmann, 1999, 2005; Tinapp,
2003; Tinapp et al., 2008, 2019). Therefore, also for the WeiRe Elster
river system the human and natural causes for overbank deposition are
controversially discussed (Fuhrmann, 1999, 2005; Tinapp, 2003; Tinapp
et al., 2008).

The main goal of this study was to investigate the evolution of Ho-
locene overbank sedimentation and possible human or natural drivers in
the WeiBe Elster floodplain. To study Holocene overbank deposition, we
applied numerical dating as well as sedimentological and micromor-
phological analyses to fluvial sediments along three floodplain transects
in the middle WeiBe Elster floodplain. The fluvial architecture along
these transects was previously studied using geophysical and strati-
graphical methods (von Suchodoletz et al., 2022). Furthermore, using
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published and unpublished archaeological and historic data, in contin-
uation of Miera et al. (2022) we built up a systematic spatio-temporal
database of former human activity within the catchment from the
Neolithic until the Early Modern Age. Together with published paleo-
climatic data, this comprehensive database allows an unprecedented,
systematic comparison of Holocene overbank deposition phases with
possible external controls.

2. Study area and studied floodplain sites
2.1. Study area

The 245 km long WeiBe Elster River in Central Germany with a
catchment of 5154 km? originates from the Central European Uplands in
the NW Czech Republic at an altitude of about 810 m above sea level,
and flows into the Saale River that drains via the Elbe River into the
North Sea (Fig. 1a). During the first 120 km the river flows through Pre-
Permian rocks (SLUG, 1992), and the valley shows deep gorges inter-
changing with small local floodplains. Further downstream, a contin-
uous few hundred meters up to one kilometer wide floodplain first cut
into Lopingian to Lower Triassic rocks is formed, extending up to the
confluence with the Saale River (Handel, 1969). North of Zeitz the valley
widens to about two kilometers and is developed in mostly Quaternary
loose sediments (SLUG, 1992). In the Altenburg-Zeitz Loess Hill Area
(BEFN, 2012), these materials are covered by up to several meters thick
loess thinning out southwards, and changing northwards into thin sand
loess and drift sand (Eissmann, 2002) (Fig. 1b).

According to the Koppen-Geiger classification the WeiBe Elster river
catchment shows a sub-continental Cfb climate (Kottek et al., 2006):
Maximum annual precipitation of up to 1000 mm in the southeastern
catchment contrasts with amounts of <700 mm/a in the remaining
parts. Mean discharge is peaking during spring due to snowmelt, but
most extreme flooding during summer is linked with convective and Vb
weather types (Nissen et al., 2013) (Fig. 1c). The potential natural
vegetation ranges from Fagus and mixed Fagus forests in the upper to
Quercus-Carpinus forests in the lower catchment (Bohn and Welf3, 2003).
Especially along the middle and lower river course most forests were
replaced by agricultural fields, and within the upper catchment artificial
coniferous forests dominate today. Settlement activities in the northern
catchment started during the Early Neolithic about 7.5 ka. Subsequently
the settlement activity varied in space and time, showing periods of
intensive settlement such as during the Early and Late Neolithic or Late
Bronze Period, whereas finds from the Middle Neolithic, Middle Bronze
or Migration Period are rather rare. Since the Middle Ages the catchment
was mostly continuously settled (Tinapp and Stauble, 2000; Heynowski
and ReiB, 2010; Fiitterer, 2016; Miera et al., 2022).

2.2. Studied floodplain sites

In a previous study, we investigated the fluvial architecture at three
sites in the middle WeiBe Elster floodplain (von Suchodoletz et al.,
2022). During this study, we revisited these sites for further
investigations:

2.2.1. Salsitz (Fig. 2a)

The ca. 1 km wide floodplain near Salsitz with a catchment of about
2430 km? is surrounded by hill slopes with relative elevations between
70 and 100 m. These consist of Lower Triassic sand-, silt- and claystones,
which are covered by up to >2 m thick loess (KPGL, 1908). The flood-
plain shows three main morphological Holocene lateral terrace levels
with maximal elevation differences of about 2 m (also called ‘paleo-
meander terraces’; Schirmer, 1995, Erkens et al., 2009), and beyond the
eastern main river channel, a secondary channel exists in the central
floodplain at least since 1748 CE. Several dry valleys and creeks,
descending from the surrounding hills, form partly eroded alluvial fans
at their transitions into the floodplain. We formerly studied the fluvial
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micromorphologically analyzed. Furthermore, the locations of the transects and areas studied by von Suchodoletz et al. (2022) to investigate the local fluvial ar-

chitecture are shown: (a) Salsitz, (b) Trebnitz, (¢) Meilitz.

architecture along a 950 m long floodplain transect using electrical re-
sistivity (ERT) measurements and 81 drill cores, and a surrounding area
of about 75 ha using electrical magnetic induction (EMI) measurements.
These investigations suggested three main Holocene sediment

generations in this part of the floodplain that were separated from each
other by two large lateral erosion periods.
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2.2.2. Trebnitz (Fig. 2b)

The ca. 600 m wide floodplain near Trebnitz with a catchment of
about 2340 km? is surrounded by hill slopes with relative elevations
between 70 and 130 m. They consist of Lower Triassic sand-, silt and
claystones, covered with Elsterian glacial deposits on the lower and a
thin loess cover on the upper slopes (KPG, 1852; TLB, 1993). The
floodplain shows three main Holocene lateral terrace levels with
maximal elevation differences of about 2.5 m, and the river flows in a
meandering single-thread channel today. Some dry valleys descend from
the surrounding slopes, showing at some places small alluvial fans at
their transitions into the floodplain. Furthermore, a tributary creek en-
ters the floodplain from the west (Buchenheimer Bach), and has
aggraded a small alluvial fan on which the village Trebnitz was built. We
formerly studied the fluvial architecture along a 550 m long floodplain
transect using ERT measurements and 50 drill cores, and a surrounding
area of about 21 ha using EMI measurements. These investigations
suggested three main Holocene sediment generations in this part of the
floodplain that were separated from each other by two large lateral
erosion periods.

2.2.3. Meilitz (Fig. 2c)

The ca. 800 m wide floodplain near Meilitz, located in the most
upstream part of the continuous floodplain extending down to the
confluence of Elster and Saale River, has a catchment of about 1930 km?.
The surrounding hill slopes show relative elevations between 100 and
130 m, and consist of Lower Triassic sand-, silt and claystones and
Lopingian carbonates and silt-claystones (KPGL, 1892, 1912). The

Table 1
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floodplain shows four main Holocene lateral terrace levels with maximal
elevation differences of about 1.3 m, and the river flows in one channel
today. Some dry valleys descend from the surrounding slopes that in
some places show small alluvial fans upon entering the floodplain, and a
small tributary stream converges from the west. We formerly studied the
fluvial architecture along a 710 m long floodplain transect using ERT
measurements and 75 drill cores, and a surrounding area of about 26 ha
using EMI measurements. These investigations suggested two main
Holocene sediment generations in this part of the floodplain that were
separated from each other by one large lateral erosion period.

3. Methods
3.1. Chronology

From all three transects we took sediment samples from selected
cores for luminescence dating, and organic material from transects
Trebnitz and Meilitz for radiocarbon dating. Together with the previous
radiocarbon ages from the transect of Salsitz of Ballasus et al. (2022a),
high-resolution chronostratigraphies of the transects could be
established.

3.1.1. Radiocarbon dating

17 organic samples (charcoal, peat with plant remains, soil matrix;
Table 1) were dated in the radiocarbon dating laboratory of the CEZ
Mannheim. The soil samples were prepared with the Acid-Base-Acid
method (Steinhof et al., 2017), and the bulk organic matter after

List of radiocarbon ages, and results of radiocarbon dating. The ages are ordered from west to east and from top to bottom.

Lab Core and sample Material Sedimentary context 53¢ 14C age [years  Calibrated 'C age [cal. years BP, 2

number depth [cm] [%] BP] sigma error]

Trebnitz

MAMS- TC2, 487 Peat with plant Uppermost part of peat layer -12.0 8405 + 31 9526-9311
37770 remains

MAMS- TC8, 332 Charcoal Overbank deposit -31.4 8401 + 47 9528-9297
37769

MAMS- TC9, 121 Charcoal Overbank deposit —30.4 3440 + 30 3828-3581
37767

MAMS- TC9, 170 Charcoal Gravelly overbank deposit —30.2 4504 + 37 5308-4989*
37768

MAMS- TC 10, 59 Charcoal Overbank deposit —27.2 1445 + 23 1368-1300*
37765

MAMS- TC11, 186-190 Soil matrix Black Floodplain Soil —34.6 5917 + 24 6789-6675
46724

MAMS- TC11, 194-198 Soil matrix Black Floodplain Soil —-32.4 6437 + 30 7425-7282
46726

MAMS- TC11, 214-218 Soil matrix Black Floodplain Soil -31.9 7227 + 27 8170-7966
61440

MAMS- TC12, 48 Charcoal Overbank deposit —34.1 340 + 18 471-315
43193

MAMS- TC13, 137 Charcoal Transition between Black Floodplain Soil and ~ —22.3 3825 + 20 4348-4102
43191 overbank deposit

MAMS- TC13, 248 Charcoal Overbank deposit -30.7 8561 + 27 9550-9487*
43192

MAMS- TC14, 140 Charcoal Gravelly overbank deposit —43.1 3713 + 28 4150-3976
43190

MAMS- TC29, 121 Charcoal Overbank deposit —35.5 1044 + 23 1047-918*
37771

MAMS- TC32, 45 Charcoal Overbank deposit —35.9 1504 + 22 1409-1315*
37772

MAMS- TC33, 136 Charcoal Overbank deposit -33.3 2325 + 30 2421-2181*
37773

Meilitz

MAMS- MC74, 158 Charcoal Overbank deposit —35.7 5817 + 27 6731-6503
61438

MAMS- MC74, 295 Charcoal Abandoned inorganic channel fill —24.9 9099 + 29 10,363-10,198
61439

Please note: Based on their stratigraphic context, some radiocarbon ages obviously represent re-deposited charcoal samples (marked with *). These ages are not

included into the age model. For more detailed explanation see text.
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removing soluble humic acids was dated. The ages were calibrated using
the software SwissCal and the Intcal20 calibration curve (Reimer et al.,
2020).

3.1.2. Luminescence dating

41 luminescence samples were taken using light-proof plastic inlin-
ers (Table 2), which were opened under subdued red light in the lumi-
nescence preparation laboratory at Leipzig University. Next to sieving,
sample preparation to obtain the grain size fraction 90-200 pm included
10 and 37 % HCl and 10 and 30 % H»,O5 treatment to remove carbonate
and organic matter, respectively. Subsequently, from most samples
quartz was obtained by removing heavy minerals (¢ > 2.75 g/cm®) and
feldspars (o < 2.62 g/cm®) using sodium metatungstate-monohydrate.
Then, the obtained quartz fraction was etched with 40 % HF for ca.
45 min to remove any remaining feldspar and the a-irradiated outer rim
of the grains. This was followed by sieving with 63 pm mesh width, in
order to obtain as much datable material as possible given the partly low
material output from the plastic inliners. Given that not enough quartz
fine sand was available in samples OSL-E-21 and OSL-E-33, for these
samples the polymineral fraction 4-11 pm was obtained in Atterberg
settling tubes using Stoke's Law. The paleodoses were measured in the
luminescence laboratory of the University of Freiburg/Breisgau on an
updated Risg TL/OSL-DA-15 C/D reader (quartz coarse grain) and a
Freiberg Instruments LexsygStandard device (polymineral fine grain).
Quartz coarse grain samples were mounted on stainless steel cups (small
aliquots of 2 mm) using silicone oil, and polymineral fine grain aliquots
were prepared by pipetting a suspension of fine grains and distilled
water (1.5 mg/aliquot) using stainless steel cups. Quartz coarse grain
was measured with a modified OSL SAR protocol (Murray and Wintle,
2000), including a preheat of 200 °C (10 s), a test dose cutheat of 180 °C
using blue light stimulation (470 nm), and determination of the OSL IR
depletion ratio according to Duller (2003). The OSL signals were
detected through a Hoya U-340 filter (340 nm). Polymineral fine grain
was measured applying a post-IR IRSL SAR protocol (Buylaert et al.,
2009), including an IR stimulation (870 nm) at 50 °C followed by a
second IRSL measurement at 225 °C, and the IRSL signal was detected
using a Schott BG-39 and AHF-BrightLine HC 414/46-Interference filter
(410 nm). The high-temperature IRSL signal is considered as more stable
and less affected by anomalous fading as the conventional signal at
50 °C, and was hence used for further analysis. Preheat was performed at
250 °C for 60 s, and a hotbleach of 290 °C for 40 s after the readout of the
post IR IRSL test dose signals. All preheat procedures were confirmed in
dose recovery tests. Possible residual doses were neither determined nor
subtracted from the post-IR IRSL measurement results nor fading
correction was performed, since both post-IR IRSL ages (samples OSL-E-
21, 33) are certainly strongly overestimated (Table 2) so that time-
consuming fading measurements would have made no sense. Hence,
these ages represent maximum ages. De calculation for the fine-grained
polymineral samples was performed using the Central Age Model (Gal-
braith et al., 1999). For the coarse quartz grain samples, due to a large
scatter of the equivalent doses (De's) indicating incomplete bleaching
during last sediment transport, we calculated the De's from the lower
parts of the De-distributions based on the minimum age model (Gal-
braith et al., 1999).

The dose rate was measured using low-level gamma-spectrometry at
the “Labor fiir Umwelt- und Radionuklidanalytik (Niederniveau-
messlabor Felsenkeller)” of VKTA Rossendorf (Germany). Due to prob-
ably strongly fluctuating groundwater levels in the floodplain, the
measured in-situ water contents cannot be regarded as reliable. Hence,
for loamy-sandy samples we used a value of 10 + 10 % and for loamy-
clayey samples of 20 + 10 %, what should encompass the average
water contents throughout the burial periods (Fuchs, 2001).

3.2. Sediment properties

To better characterize sediment and paleosol properties, we
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retrieved selected cores using percussion drilling (Atlas Copco Cobra Pro
hammer) and a 60 mm-diameter open corer. These cores were sampled
for sedimentological and micromorphological analyses (core positions
see Figs. 2, 3). Some data of core SC40 were formerly published in
Ballasus et al. (2022b).

Carbonate contents were measured according to Scheibler in an Eij-
kelkamp Calcimeter apparatus, i.e., based on the CO2-volume produced
during the reaction of the sediments with 10 % HCI.

Total organic carbon (TOC) contents were determined by measuring
Ciotal With a Vario EL cube elemental analyser, and subsequently sub-
tracting inorganic carbon (taken from carbonate measurements) from
Crotal-

To determine element contents using a Spectro Xepos eX-ray fluores-
cence spectrometer, air dried sample material was ground in a vibratory
mill for 10 min to obtain the required grain size <30 pm and homoge-
nisation. Prior to measurement, a 32 mm-pellet was produced by mixing
and pressing 8 g of the ground material with 2 g CEREOX Licowax. To
identify the weathering degree of the sediments we applied the ratio Rb/
Sr, with high ratios indicating intensive weathering since the smaller
Sr?*-ion is more easily discharged during weathering than the larger
Rb*-ion (Tinapp et al., 2023). Furthermore, Rb is fixed to clay minerals,
whereas Sr is leached by flowing water (McLennan et al., 1993).

Grain size analyses were performed using 10 g of bulk sample mate-
rial. After destroying organic matter with 35 % Hy0, the samples were
dispersed in 10 ml 0.4 N sodium pyrophosphate solution (NasP»07)
followed by ultrasonic treatment for 45 min. Sand contents (63-2000
pm) were determined by dry sieving. The material <63 pm was
measured with X-ray granulometry (XRG) using a SediGraph III 5120
(Micromeritics).

Mass-specific magnetic susceptibility was measured using a Bartington
MS3 magnetic susceptibility meter equipped with a MS2B dual fre-
quency sensor. After softly grounding and densely packing the material
into plastic boxes, volumetric magnetic susceptibility was measured
with a frequency of 0.465 kHz and normalized with the sample mass.

The above-described analyses were carried out in the laboratory of
the Geographical Institute of Leipzig University/Germany.

For micromorphological analyses, oriented undisturbed soil samples
were taken from cores SC40 (Salsitz) and TC9 (Trebnitz) (locations see
Fig. 3). After air-drying and impregnating with Oldopal P 80-21, hard-
ened blocks were cut and sliced into 50 * 50 mm thin sections. Thin
sections were described under a polarizing light microscope, using the
terminology of Stoops (2003). Semi-quantitative analysis of features
followed Sprafke (2016), with an adapted list of parameters. The
description of the thin sections was carried out at the Institute of Geol-
ogy at Bern University/Switzerland.

3.3. Former settlement activity

The origin of the floodplain sediments from the middle reach of the
WeiBe Elster River is still debated, i.e., it is not clear whether they
largely originate from the upper catchment or from the surroundings of
the studied sites (Ballasus et al., 2022a; Matys-Grygar, 2022; Zielhofer,
2022). Hence, we will discuss our data from the studied floodplain
transects in the context of both the total and smaller local site sub-
catchments.

3.3.1. Recording and pre-processing of archaeological data

To study prehistoric and Medieval settlement in our study area, we
built up an archaeological database based on archaeological publica-
tions and local area files (German: Ortsakten) from the Saxonian
Archaeological Heritage Office, State Office for Preservation of Monu-
ments and Archaeology Saxony-Anhalt, and Thuringian State Office for
Heritage Management and Archaeology. The archaeological sites were
standardized to provide a systematically structured database, and to
enable comparability with future studies (for more details see Miera
et al., 2022):
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Table 2
List of luminescence samples, and analytical results of luminescence dating.
Lab Core and U Th K Assumed Total Cosmic Measurement Equivalent Age min./max’ Possible cause of
number sample max./ [Bq/ [Bq/ water dose rate dose rate technique” dose [Gy] (resulting max. age over-/
depth min." kgl kgl content max./ [Gy/ka] (Sigma ) range4) [ka] underestimation®
[em] [Bq/ [%] min.’
kg] [Gy/ka]
Salsitz
OSL-E-1 SC25, 38- 52+ 6/ 56 660 10 £ 10 3.80 + 0.20 + CG (0.149) 2.23 +£0.35 0.59 + 0.10/0.63 -
48 37+5 + 4 + 70 0.63/ 0.02 +0.11
3.55 + (0.49-0.74)
0.59
OSL-E-2 SC25, 82- 76 £ 7/ 62 760 20+ 10 4.16 + 0.19 + CG (0.19 ~14.5° 3.49-3.9250 -
92 46 £ 5 +4 + 80 0.26/ 0.02
3.69 +
0.24
OSL-E- SC39, 95- 56 +5 55 730 15+ 10 3.85 + 0.19 + CG (0.14) 10.09 + 2.62 +£0.28 -
12 105 +3 + 50 0.41 0.02 0.89
OSL-E- SC39, 61+6/ 49 700 20 +£10 3.56 + 0.16 + CG (0.149) 28.01 + 7.87 + 0.82/8.50 -
22 225-240 44 £5 +3 + 50 0.37/ 0.02 2.43 + 0.89
3.30 £ (7.05-9.39)*
0.35
OSL-E-7 SC40, 53- 51 +6/ 57 760 10 + 10 4.09 + 0.20 + CG (0.14) 5.05 + 0.57 1.24 £ 0.16/1.30 1B
63 39+4 +3 + 80 0.20/ 0.02 +0.17
3.88 + (1.08-1.47)
0.52
OSL-E-8 SC40, 91- 62+ 6/ 59 710 20+ 10 3.77 £ 0.19 + CG (0.14) 9.85 + 0.68 2.61 + 0.24/2.81 -
101 45+ 5 + 4 + 70 0.24/ 0.02 + 0.26
3.51 + (2.37-3.07)
0.26
OSL- SC40, 55+5/ 57 750 15+ 10 3.88 £ 0.16 + CG (0.19) 12.07 + 3.11 £ 0.36/3.29 1B
El1 129-139 42+ 5 +3 + 80 0.36/ 0.02 1.14 + 0.39
3.67 + (2.75-3.68)°
0.43
OSL- SC40, 59 +5/ 53 730 20 + 10 3.67 £ 0.16 + CG (0.19) 21.52 + 5.87 £ 0.57/6.16 -
E10 192-202 48 + 5 +3 +70 0.35/ 0.02 1.60 + 0.60
3.50 + (5.30-6.76)"
0.34
OSL-E-9 SC40, 68 +7/ 60 750 20 +£10 3.70 + 0.18 &+ CG (0.149) 45.05 = 11.35 + 0.85/ -
229-239 47 £5 + 4 + 80 0.30/ 0.02 1.74 12.36 + 0.95
3.64 + (10.50-13.31)*
0.28
OSL-E-3 SC58, 35- 50+ 5 54 710 20 +£10 3.53 + 0.21 + CG (0.149) 1.51 £0.19 0.43 = 0.06 1B
45 +3 + 70 0.50 0.02
OSL-E-4 SC58, 75- 69+6/ 60 740 20 +£10 3.97 + 0.19 + CG (0.14) ~3.2° 0.88-0.81%%P -
85 47 £ 5 +4 + 80 0.25/ 0.02
3.63 +
0.24
OSL-E-5 SC58, 62+6/ 59 760 20 £10 3.88 + 0.17 + CG (0.14) 27.41 + 7.06 + 0.63/7.54 -
145-155 46 £5 +3 + 80 0.35/ 0.02 1.72 + 0.69
3.64 £ (6.43-8.23)
0.33
OSL-E-6 SC58, 78 £ 7/ 58 740 20+ 10 4.07 £ 0.16 + CG (0.14) 41.03 + 10.08 + 0.79/ -
184-194 47 £5 +4 + 80 0.32/ 0.02 2.01 11.47 £ 0.95
3.58 + (9.29-12.42)¢
0.30
OSL- SC72, 70- 50 + 3/ 37 770 20+ 10 343 £ 0.19 + CG (0.14) 1.04 £ 0.11 0.30 = 0.04/0.31 -
El6 85 45+ 5 + 4 + 80 0.43/ 0.02 + 0.04
3.36 + (0.26-0.35)
0.43
Trebnitz
OSL-E- TC9, 36- 4+3/ 49 800 20+ 10 3.59 + 0.21 + CG (0.16) 0.66 + 0.07 0.18 + 0.02/0.19 -
17 47 36+ 4 +3 + 80 0.02/ 0.02 + 0.02
3.49 + (0.16-0.21)
0.44
OSL-E- TC9, 85- 41 +5 50 780 20+ 10 3.50 £ 0.19 £ CG (0.16) 3.39 £ 0.42 0.97 +£0.14 7
18 95 +3 + 80 0.14 0.02
OSL-E- TC9, 168- 43 +5 45 720 10 + 10 3.62 £ 0.17 + CG (0.16) 16.26 + 4.49 £+ 0.50 -
19 183 +3 + 50 0.41 0.02 1.49
OSL-E- TC9, 220- 51+3/ 52 790 20 £10 3.67 + 0.16 + CG (0.16) 22.78 + 6.20 + 0.63/6.50 1B
20 235 40+5 +3 + 80 0.37/ 0.02 1.78 + 0.68
3.50 + (5.57-7.18)°
0.37
OSL-E- TC9, 336- 63 + 4/ 60 880 20 +£10 7.85 + 0.14 + FG 97.24 + 12.38 + 0.83/ 1B
21 346 43 +5 +4 + 50 0.53/ 0.01 2.93 13.85 + 0.91

(11.55-14.76)%°

(continued on next page)
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Table 2 (continued)

Lab Core and U Th K Assumed Total Cosmic Measurement Equivalent Age min./max’ Possible cause of
number sample max./ [Bq/ [Bq/ water dose rate dose rate technique” dose [Gy] (resulting max. age over-/
depth min.’ kgl kgl content max./ [Gy/ka]l (Sigma b°) range4) [ka] underestimation®
[em] [Bq/ [%] min.!
kgl [Gy/ka]
7.02 £
0.46
OSL-E- TC12, 59 + 4/ 58 870 20 +£10 7.60 + 0.16 + FG 103.7 + 13.64 + 1.15/ 1B
33 217-227 34+5 + 4 + 50 0.64/ 0.02 6.19 15.80 + 1.30
6.56 + (12.49-17.1)*
0.54
OSL-E- TC21, 56 + 4/ 53 830 20+ 10 3.87 £ 0.16 + CG (0.16) 1.92 +0.23 0.50 + 0.07/0.51 -
34 210-230 47 + 4 + 2 + 60 0.51/ 0.02 + 0.07
3.73 + (0.43-0.58)"
0.50
OSL-E- TC22, 50+6 53 770 10 + 10 4.00 + 0.16 + CG (0.16) 2.07 £0.22 0.52 £+ 0.07 -
29 125-135 +3 + 80 0.51 0.02
OSL-E- TC22, 46 + 3/ 54 890 20+ 10 3.89 + 0.17 + CG (0.16) 4.15 + 0.83 1.07 £ 0.22/1.12 1B
30 180-190 35+5 +4 + 60 0.81/ 0.02 +0.23
3.72 + (0.85-1.35)
0.23
OSL-E- TC30, 50- 42 + 3/ 45 860 10 + 10 4.03 £ 0.20 + CG (0.16) 2.02 £0.28 0.50 & 0.08/0.52 -
35 60 31+3 +2 + 60 0.62/ 0.02 + 0.08
3.84 + (0.42-0.60)°
0.59
OSL-E- TC32, 30- 86 +5/ 51 750 10 £ 10 4.55 + 0.21 + CG (0.16) 0.36 + 0.05 0.08 £+ 0.01/0.09 H
13 40 51+5 +3 + 80 0.70/ 0.02 + 0.01
3.96 + (0.07-0.10)*"
0.62
OSL-E- TC32, 80- 48 + 3/ 52 820 20 + 10 3.73 £ 0.19 + CG (0.16) 1.49 + 0.12 0.40 + 0.04/0.42 -
14 920 39+4 +3 + 80 0.39/ 0.02 + 0.04
3.59 + (0.36-0.46)
0.38
OSL-E- TC32, 47 £ 3/ 52 920 20 £10 3.96 + 0.17 + CG (0.16) 2.55 +0.28 0.65 + 0.08/0.67 -
15 170-180 39+5 +3 + 60 0.49/ 0.02 + 0.08
3.83 + (0.57-0.75)°
0.48
Meilitz
OSL-E- MC2, 40- 51+3/ 62 680 15+ 10 3.75 + 0.21 + CG (0.21) 1.17 £ 0.17 0.31 + 0.05/0.32 -
31 50 42+5 +4 + 40 0.05/ 0.02 + 0.05
3.61 + (0.26-0.37)
0.05
OSL-E- MC2, 80- 53+6 65 650 10 + 10 3.94 + 0.19 + CG (0.21) 1.79 £ 0.18 0.46 + 0.05 -
32 90 + 4 + 40 0.46 0.02
OSL-E- MC15, 63+7/ 59 650 10 £ 10 4.02 £ 0.20 + CG (0.21) 1.01 + 0.14 0.25 + 0.04/0.28 -
36 40-55 43 + 4 +3 + 50 0.61/ 0.02 + 0.04
3.67 + (0.21-0.32)
0.56
OSL-E- MC35, 59+7/ 56 650 10 £ 10 3.89 + 0.19 + CG (0.21) ~3.8° 0.98-1.08>" 1B
23 75-90 37+5 +3 + 70 0.26/ 0.02
3.52 £+
0.25
OSL-E- MC43, 60 £5/ 57 660 10 £10 3.95 + 0.19 + CG (0.21) 8.71 £ 0.59 2.20 £+ 0.20/2.39 -
37 80-90 42+ 4 +3 + 50 0.35/ 0.02 + 0.22
3.65 + (2.00-2.61)°
0.33
OSL-E- MC53, 70+ 7/ 62 690 20+ 10 3.90 + 0.20 + CG (0.21) 6.06 + 0.59 1.56 £ 0.17/1.72 -
24 57-72 46 + 5 + 4 + 40 0.43/ 0.02 + 0.19
3.53 + (1.39-1.91)
0.39
OSL-E- MC53, 65+6/ 59 670 20+ 10 3.71 £ 0.19 + CG (0.21) 7.57 £ 0.64 2.04 £ 0.20/2.27 -
25 103-118 41 + 4 +4 + 40 0.40/ 0.02 + 0.29
3.34 + (1.84-2.56)
0.34
OSL-E- MC71, 68+7/ 63 820 20 +£10 4.22 + 0.21 + CG (0.21) 9.89 + 0.89 2.35 + 0.25/2.55 -
26 39-54 46 £5 +4 + 50 0.44/ 0.02 +0.27
3.88 + (2.10-2.82)
0.41
OSL-E- MC71, 74+7/ 64 770 20 +£10 4.18 + 0.19 + CG (0.21) 27.73 + 6.64 + 0.81/7.34 -
27 94-109 48 £5 +4 + 50 0.51/ 0.02 3.05 +0.91
3.78 + (5.83-8.25)°
0.47
OSL-E- MC71, 55+ 6/ 60 710 15+ 10 3.84 + 0.17 + CG (0.21) 46.00 += 11.98 + 1.25/ 1B
28 151-166 42 +5 +4 + 70 0.40/ 0.02 3.80 12.68 + 1.34
3.63 + (10.73-14.02)°
0.38
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! In case of radioactive disequilibrium in the **U decay chain (a = disequilibrium between 2*®U and >?°Ra; b = disequilibrium between >?Ra and 2'°Pb; information
given in the age row).

2 CG = coarse grain (quartz OSL), FG = fine grain (polymineral pIR-IRSL).

3 Used for age calculation when using the minimum age model (Galbraith et al., 1999).

4 The maximal age range gives the range within which the true sedimentation age should be situated, and was for simplification used in this paper. It was determined
by subtracting its error from the minimum age and adding its error to the maximum age.

5 De taken from lower outlier population. In this case no error was given, but just the age range resulting from the radioactive disequilibrium.

5 IB = incomplete bleaching, H = human activity such as (occasional) deep ploughing.

7 possibly linked with pedogenesis of T-PS-1.
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-
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(S = sedimentology, M =

=== Boundary gravel vs. sand/loam
=== Main incision structures

= Non-organic alluvial (paleo-)soil
... Very weak non-organic alluvial
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xDJ
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=== Organic-rich Black Floodplain Soil
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(S = denived from soil organic matter)
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age (ka) (* only dose rate error shown)
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Fig. 3. The studied transects with radiocarbon and luminescence ages, sediments belonging to different overbank sedimentation phases (defined based on strati-
graphical features and numerical dating; see Figs. 7 and 8), and the positions of analyzed cores: (a) Salsitz. The radiocarbon ages of this transect were taken from
Ballasus et al. (2022a), but re-calibrated using the Intcal20 calibration curve (Reimer et al., 2020). (b) Trebnitz, (c) Meilitz.

The locations of the transects, including the spatial distributions of the terrace levels, are given in Fig. 2.

WE = WeiBe Elster River, Ap = plough horizon.

- Archaeological dating: Each site was registered on four different
chronological levels with increasing resolution: epoch, period, phase
and sub-phase (Eggert, 2012, Eggert and Samida, 2013), and clas-
sified according to the chronological system for the prehistory and
early history in Central Germany.

Site function: Based on the available information in the archaeo-
logical publications and local area files, we distinguished three site
types: (i) Settlements indicated by pits, post-holes, grinding stones,
loom weights, spindle whorls and/or pottery fragments, and (ii)
Burial sites indicated by human remains. Therefore, a site was

registered twice whenever a burial was documented within a set-
tlement. (iii) Stray finds, including single objects or assemblages
with little or no context information, i.e. either lost objects or ma-
terial remains from settlements or burial sites that have not yet been
identified as such (Schiilke, 2011; Hinz, 2014).

- Geographic location: We distinguished between sites with a precise
location, and sites that cannot be located due to missing or poor
geographic information. The latter were associated with symbolic/
fuzzy coordinates, i.e., either with their presumed location or the
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church of the village in whose district the site was discovered (cf.
Ostritz, 2000).

Finally, we combined precisely located sites that (i) were <250 m
apart from each other, (ii) associated with the same or compatible dating
(e.g., “Bronze Age” + “Bronze Age”, Early Bronze Age + “Bronze Age”,
etc.), and (iii) interpreted in the same or compatible manner (e.g. set-
tlement + settlement, settlement + stray finds, etc.). This combination
allows systematic statements with respect to site distribution patterns,
and reduces the risk of overrating geographical parameters in spatial
analyses (cf. Hilbig, 1993; Mischka, 2007; Pankau, 2007).

3.3.1.1.

To investigate diachronic changes in settlement intensity, we used
the parameter site frequency per century (German: Fundstellenfrequenz)
which was already previously used by Ahlrichs et al. (2018) and Miera
et al. (2019, 2022) to compare varying settlement intensities on a
(supra-)regional scale. The parameter was calculated for each period
individually, as their duration varies (Schmotz, 1989; Paetzold, 1992):

Frequency per century = Sn/Pn*100

(Sn = number of sites, Pn = duration of respective period in years).

However, we did not consider all sites equally, but applied different
factors according to the site category (settlements: 1, burial sites: 0.5,
stray finds: 0.25). This is based on the assumption that human impact on
the environment is most pronounced in the immediate vicinity of set-
tlements, whereas a comparatively reduced human impact can be ex-
pected in the immediate vicinity of burial sites. Unless proven otherwise,
stray finds indicate only a brief human presence with a likely minimal
environmental impact (also see supporting text TE-1).

3.3.2. Recording and pre-processing of written historical data

To gain insights into Medieval and Early Modern settlement activity
beyond archaeological data analysis covering the period up to 1200 CE
(Section 3.3.1), we built up a historical database (Fiitterer, 2016). First,
all recent settlements of the study area were compiled from freely
available OpenStreetMap data. These data were thoroughly reviewed
using current topographical and historical maps (e.g., the Sachsische
Meilenblatter or Historische Messtischblatter), since according to
different administrative divisions of the individual federal states, either
several settlements are combined into one municipality, or villages
merged into cities and deserted villages are not recorded separately.
Subsequently, to discriminate different settlement phases, the year of its
first mentioning was determined for each settlement using various
overview literature (Eichler et al., 1983, 1985; Eichler and Walther,
1984, 2001; Rosenkranz, 1982; Kahl, 2010; Autorenkollektiv, 1976,
1986; Joseph and Porada, 2006) and the Historisches Ortsverzeichnis
Sachsen (Historical Gazetteer Saxony; https://hov.isgv.de/) (also see
supporting text TE-2a). To minimize the difference between settlement
foundation and its first written documentation as far as possible, this
information was complemented by information from the archaeological
database (Section 3.3.1). For this purpose, archaeological sites with an
assured Medieval classification were extracted, allowing for 195 settle-
ments a more exact chronological classification into Early, High or Late
Middle Ages. Subsequently, information on the archaeological dating of
the settlements was partly supplemented from the literature (e.g. Timpel
and Spazier, 2014; Kenzler, 2012).

To determine the settlement intensity for selected periods, the “first
evidence” was determined either from the first written mention or
archaeological dating. The first written mention was taken if no
archaeological finds allowed a different dating. In case of an archaeo-
logical classification into Early, High and Late Middle Ages, the first
evidence was the end point of the period (Early Middle Ages: 900 CE,
High Middle Ages: 1250 CE, Late Middle Ages: 1500 CE). If the first
written mention was before the end of the archaeological period, this
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date was taken as the first evidence (also see supporting text TE-2b).
4. Results
4.1. Chronology

The radiocarbon ages can be found in Table 1, and the analytical
results of luminescence measurements are given in Table 2. The com-
bined radiocarbon and luminescence ages encompass the Latest Pleis-
tocene and Holocene: For Salsitz they vary between 13.3 - 10.5 ka and
0.3-0 cal. ka BP, for Trebnitz between 17.1 - 12.5 ka and 0.1 + 0.01 ka,
and for Meilitz between 14.0 - 10.7 ka and 0.3 + 1 ka (Fig. 3, Tables 1
and 2). Given strong groundwater influence in the floodplain causing
partly significant radioactive disequilibria, several luminescence ages
can only be given as minimal and maximal ages with total differences of
up to >2 ka, and to simplify their presentation we give them as age
ranges that were determined by subtracting its error from the minimum
age and adding its error to the maximum age (Table 2). Furthermore, for
three luminescence samples (OSL-E-2, 4, 23), the equivalent dose (De)
distributions showed significant lower outlier populations that were
used for age calculation (for the equivalent dose distributions see Sup-
porting Figs. S-1 to S-3). Since there were too few aliquots forming these
lower outlier peaks, no error was calculated for these De's. Hence, only
the age range resulting from the dose rate errors is given.

4.2. Sediment properties

The analytical values of the six representative cores are shown in
Fig. 4 (values see in supporting tables TA-1-TA-6). The recent anthro-
pogenic Ap-horizons significantly differ from the lower parts of the cores
by often strongly increased values of mass-specific susceptibility, TOC
and Pyt By contrast, most paleosols, only weakly recognizable in the
field by e.g. more intensive iron/manganese stains and concretions and/
or different grain sizes, colors or structures compared with over- and
underlying material, are also hardly directly recognizable by their
analytical values. Instead, they can often only indirectly be identified by
different properties of their overlying sediments such as different (often
more sandy) grain sizes and values of TOC, mass-specific magnetic
susceptibility or the Rb/Sr-ratio. An exception is paleosol T-PS-3 (“Black
Floodplain Soil”) in core TC11, showing significantly increased TOC-
values compared with the over- and underlying sediments of up to
1.15 %. Below the Ap-horizons, upwards increasing Piya values in
paleosol S-PS-3 in core SC40 and strongly enhanced values of mass-
specific susceptibility and TOC in the uppermost sediments of core
TC32 suggest direct anthropogenic impact in the floodplain such as
agriculture or settlement activities (Crowther, 2003; Holliday and
Gartner, 2007). Apart from some Ap-horizons and their directly under-
lying sediments, the uppermost sediments in core TC32 and the sedi-
ments overlying paleosol T-PS-1 in core TC11 with carbonate contents
up to 15 %, the sediments are largely carbonate-free. In most cores but
core MC71, the elemental ratio Rb/Sr systematically decreases upwards.

Micromorphological analysis of core SC40 showed slightly advanced
development of paleosols S-PS1 and 2 compared to the parent material,
indicated by more developed pedogenic aggregation, clay coatings
(usually disturbed, partly dusty) and depletion features (Table 3;
Fig. 5a—c). Paleosol S-PS-3 (sample 7) shows well expressed clay coat-
ings, Fe-nodules and depletion hypercoatings, which demonstrates
advanced pedogenesis (stagnic Luvisol subsoil; IUSS Working Group
WRB, 2022). Furthermore, especially in the upper part of the sequence
Fe-/Mn-nodules linked with varying hydrological conditions are ubiq-
uitously found (Fig. 5a), and some fine charcoal was detected in paleosol
S-PS-3.

Micromorphological analysis of core TC9 showed an intensive sub-
angular blocky structure, clay coatings, numerous Fe-/Mn-nodules and
fine charcoal for paleosol T-PS-3 (“Black Floodplain Soil” corresponding
to a humic Gleysol, IUSS Working Group WRB, 2022), demonstrating
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Fig. 4. Profile drawings of the six analyzed cores with overbank sedimentation phases and analytical values with interpretations from Salsitz (a, b), Trebnitz (c, d),
and Meilitz (e, f). Furthermore, numerical ages from these cores probably representing sedimentation ages are shown.

intensive pedogenesis under varying hydrological conditions and some
influence of fire (Table 3; Fig. 5d, f). The "Black Floodplain Soil" formed
close to the groundwater table, and was later buried by sediment and
overprinted by illuvial clay from above terrestrial pedogenesis. The
underlying deposits are entirely apedal, without clay coatings, exhibit-
ing various amounts of Fe-/Mn-nodules. Furthermore, a darker-colored

layer within these deposits showed finely layered charcoal fragments
(Fig. 5f), explaining its increased TOC-content and darker color.

4.3. Former settlement patterns
In total, 991 sites were entered into in the archaeological database.

10
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Table 3
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Selected parameters and interpretations of the micromorphological analyses of cores SC40 (Salsitz) and TC9 (Trebnitz) (sample locations please see Fig. 4a, c). Red

colors indicate intensive, and yellow colors less intensive features.

core 5 microstructure: | groundmass: pedofeatures ® interpretation
2 aggregation b-fabric — 2
g limpid clay dusty clay =
c coatings coatings Fe(-Mn) nodules 5
o
g 5 3§ $lele
- @« " 12 - o P
s |5(3.0s 3 S5l s5|8| 3 23 S|E|§|8
" 1253055 5|5 28|82 Elz|c|5|als|B|EE
c|28|28| g |g |2 |S|8|2| 2| &|2|2|8|2|a|5]|2]|%
o |aa|ca| | & || 2 |5|3|&| s|s|&|o|le|2]|8 &S
sc40 |1 Overbank deposit
2 (S-PS-1) Weak soil
3 Overbank deposit
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The results for the different archaeological periods and epochs are
shown in Table 4, and were discriminated for each site according to the
total site sub-catchment and a smaller local site sub-catchment up to 10
km upstream (see Fig. 6a for their locations). Furthermore, a map of the
exemplary Urnfield Period is shown in Fig. 6b. Settlement activity in the
total and local site sub-catchments of downstream sites Salsitz and
Trebnitz clearly started since the Early Neolithic, whereas around up-
stream site Meilitz significant settlement activity clearly only started
since the Late Neolithic and especially since the Late Bronze Age.
However, several (Early) Neolithic stray finds in the sub-catchments of
the latter site potentially indicate an earlier start of intensive human
occupation also here (Table 4). Generally, the settlement intensities
strongly varied between the individual periods, with significant gaps
during the Middle Neolithic, Early Bronze Age and Migration Period.
The highest absolute values are recorded for the High Middle Ages, but
an increasing trend can already be observed since the Early Middle Ages.
Despite different absolute values, except for the time between the Late
Bronze Age and Roman Period the relative trends of settlement intensity
are similar for the total and local site sub-catchments.

Furthermore, 738 village foundations were recorded in the historical
database between 800 and 1600 CE (for the earlier period also com-
plemented by archaeological information). These data show that most
settlements were founded between 1200 and 1400 CE, what also
included the upstream catchment of the Weile Elster River (Table 5,
Fig. 6¢).

5. Discussion
5.1. Chronostratigraphies of the studied sites
By combining our new radiocarbon and luminescence ages, sedi-

mentological and micromorphological analyses with the previously
published transect stratigraphies (von Suchodoletz et al., 2022) and
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radiocarbon ages for Salsitz (Ballasus et al., 2022a), we could build up
well-resolved chronostratigraphies for the studied transects (Figs. 3, 7).
This comprehensive chronostratigraphic context also allowed to identify
over-and underestimated ages, i.e., radiocarbon ages obtained from
older organic material that was incorporated into younger sediments
(Lang and Honscheidt, 1999), and luminescence ages of material that
was not completely bleached during fluvial transport or was influenced
by human activity such as recent deep ploughing (Jain et al., 2004, von
Suchodoletz et al., 2023) (over—/underestimated ages marked in grey
and italic in Fig. 3; possible causes see in Table 2). Hence, in the
following, we only use ages that probably represent real sedimentation
ages:

* Salsitz (Fig. 3a): The oldest overbank deposits in the central part of
terrace level ST-c, yielding ages of 13.3-10.5 ka (core SC40) and
12.4-9.3 ka (core SC58), overlie an abandoned organic channel fill
that was dated to 11.2-10.8 cal. ka BP (core SC41). This layer is
obviously only few decimeters thick and must be incomplete, what is
suggested by Middle Holocene ages of 9.4-7.1 ka (core SC39) and
7.7-7.6 cal. ka BP (core SC61) from similar stratigraphical positions
in neighboring cores, i.e. also taken near the base of the overbank
deposits. Unfortunately, the millennia-long hiatus between both
layers could not be recognized in the field, and - if at all — only by a
very small change of the grain sizes in the analytical data (Fig. 4a).
The next sediment generation of Middle Holocene age was dated
between 9.4 - 7.1 ka (core SC39) and 6.8-5.3 ka (core SC 40).
Accordingly, two radiocarbon ages of bulk organic matter from well-
developed paleosol S-PS-3 developed in the upper part of these
sediments (see micromorphological Table 3) gave ages of 6.2-6.0
cal. ka BP (core SC40). Upwards increasing Ptq1-values in core SC40
indicate local human activity in the floodplain (Fig. 4a). The next
sediment generation directly overlies fluvial gravels in terrace levels
ST-a, ST-b and the western part of ST-c, and was dated between 4.4
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Fig. 5. Photos of selected micromorphological samples of: Core SC40 in transect Salsitz: (a) Sample 4 (paleosol S-PS-2): clay coatings associated with manganese
nodules (left side) next to a pale, sand rich domain characterized by iron and clay depletion (PPL), (b) Sample 6 (paleosol S-PS-3): different types of clay within
groundmass and along pores (white arrows; XPL), (c) Sample 7 (overbank sediment below S-PS-3): thick limpid and partly dusty clay coating related to clay illu-
viation (PPL).

Core TC9 in transect Trebnitz: (d) Sample 2 (“Black Floodplain Soil” T-PS-3): charred fragile material, (e) Sample 2 (“Black Floodplain” Soil T-PS-3): iron nodules
(PPL), (f) Sample 3 (overbank sediment): layered charcoal fragments.
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Table 4
Settlement activity in the study area since the Early Neolithic based on archaeological data.
Period Duration Meilitz Trebnitz Salsitz
(years) - . .
Settlements ~ Burial Stray Settlements ~ Burial Stray Settlements ~ Burial Stray
sites finds sites finds sites finds
(a) Total site sub-catchments
Early Neolithic 1100 0 0 8 40 0 24 61 0 45
Middle Neolithic 1600 0 0 0 1 1 0 2 1 0
Late Neolithic 500 0 2 9 10 19 32 11 20 38
Neolithic - unclassified” 3200 0 0 66 21 11 278 31 11 326
Early Bronze Age 700 1 0 1 2 0 4 2 0 4
Middle Bronze Age 300 1 0 1 1 0 2 1 0 2
Late Bronze Age 100 3 3 0 3 5 0 3 5 0
Urnfield Culture 400 15 4 5 24 13 8 24 14 8
Brongze Age — unclassified” 1500 2 1 1 11 4 10 14 4 12
Hallstatt period 350 14 3 2 16 3 4 16 4
La Tene period 450 3 5 2 9 10 5 10 11 5
Pre-Roman Iron Ages - 800 0 0 0 2 0 0 4 1
unclassified”
Roman Empire 375 2 0 2 6 1 8 7 2 10
Migration Period 195 0 0 0 0 1 1 0 1 1
Early Middle Ages 330 4 2 3 16 16 32 17 18 33
High Middle Ages 350 29 3 4 52 7 20 53 7 25
Middle Ages - unclassified” 680 31 2 13 49 14 38 53 15 42
(b) Local site sub-catchments up to 10 km upstream
Early Neolithic 1100 0 0 1 7 0 10 22 0 22
Middle Neolithic 1600 0 0 0 0 1 0 1 0 0
Late Neolithic 500 0 2 6 5 7 14 1 1 9
Neolithic - unclassified” 3200 0 0 34 9 5 93 11 1 56
Early Bronze Age 700 1 0 0 0 0 3 0 0 0
Middle Bronze Age 300 0 0 0 0 0 0 0 0 0
Late Bronze Age 100 1 2 0 0 1 0 0 0 0
Urnfield Culture 400 2 1 1 1 3 1 0 1 0
Brongze Age - unclassified” 1500 0 0 1 2 1 4 3 0 2
Hallstatt period 350 1 0 1 0 0 1 0 0 0
La Tene period 450 1 2 1 1 1 1 2 1 0
Pre-Roman Iron Age - 800 0 0 0 1 0 0 2 0 1
unclassified”
Roman Empire 375 1 0 0 0 0 3 1 1 2
Migration Period 195 0 0 0 0 0 0 0 0 0
Early Middle Ages 330 3 2 3 1 4 7 2 2 1
High Middle Ages 350 8 1 3 6 0 4 2 0 5
Middle Ages - unclassified” 680 12 1 12 7 2 8 6 1 4

# These lines indicate finds that could chronologically not further be classified.

and 4.2 cal. ka BP (core SC25) and 3.1-2.9 cal. ka BP (core SC15). In
the central part of terrace level ST-c (between cores SC38 and SC42),
sediments overlying paleosol S-PS-3 show lower clay contents and
Rb/Sr-ratios compared with the underlying sediments. This indicates
a higher energetic fluvial environment and less pre-weathered ma-
terial compared with the Middle Holocene (Fig. 4a). These sediments
were dated to 2.7-2.5 cal. ka BP and 2.6 + 0.3 ka (both core SC40),
and contain an intercalated weak paleosol (S-PS-2) (see Table 3). The
upper package shows lower Rb/Sr-ratios compared with the lower,
indicating another change towards less pre-weathered material
(Fig. 4a). The following sediment generation, found between pale-
osols S-PS-3 and S-PS-1a in the central part of terrace level ST-c
(between cores SC56 and SC63), was dated to ca. 0.8-0.9 ka (core
SC58), and also showed lower Rb/Sr-rations and clay contents
compared with the underlying Middle Holocene sediments (Fig. 4b).
Finally, the youngest sediments overlie paleosol S-PS-1 in terrace
levels ST-a, ST-b and the western and central part of ST-c, passing
over into colluvial slope sediments northwestwards, and directly
overlie gravels in the eastern part of ST-c. These sediments show
higher sand contents and mass-specific magnetic susceptibility
values compared with the underlying material (Fig. 4a, b), indicating
a high-energetic fluvial environment and stronger input of magnet-
ically susceptible material. They were dated between 0.6 + 0.1 ka
(core SC25) in the western and 0.3-0 cal. ka BP (core SC72) in the
eastern part of terrace level ST-c.
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*

Trebnitz (Fig. 3b): The oldest overbank sediments with clay contents
up to 57 % (Fig. 4c), partly overlying a basal peat that was dated to
9.5-9.3 cal. ka BP (core TC2), are found in terrace level TT-a.
Embedded charcoal also gave an age of 9.5-9.3 cal. ka BP (core
TC8), i.e., their deposition obviously relatively abruptly interrupted
peat growth. A concentration of layered charcoal in these sediments
(Table 3; Fig. 5f) indicates strong fire activity around the site during
its deposition. Bulk organic matter of the overprinting organic- and
clay-rich “Black Floodplain Soil” (paleosol T-PS-3), showing TOC
contents up to 1.15 % and clay contents up to 52 % (Fig. 4c), was
dated between 8.2 - 8.0 and 6.8-6.7 cal. ka BP (core TC9). This
demonstrates very low intense Middle Holocene fine-grained back-
ground sedimentation in a wet floodplain environment with synse-
dimentary pedogenesis. Systematically upwards-coarsening grain
sizes and decreasing TOC-values in its uppermost part (Fig. 4c)
indicate its gradual transition into very sandy fluvial sediments, and
carbonate contents up to 15 % in the latter demonstrate the input of
tufa-derived material from the western tributary Buchenheimer Bach
(Fig. 2b). This indicates high-energy fluvial sedimentation with
strong lateral sediment input following "Black Floodplain Soil" for-
mation. Accordingly, lower Rb/Sr-rations compared with the un-
derlying sediments show a change towards less pre-weathered
material (Fig. 4a). These sediments were dated between 4.3 - 4.1 cal.
ka BP (core TC13, taken from the transition) and 3.8-3.6 cal. ka BP
(both core TC9), and are overprinted by paleosol T-PS-1. Small



H. von Suchodoletz et al.

Geomorphology 449 (2024) 109067

[1 weiRe Elster catchment

Total sub-catchment of

{
3%

- Meilitz

S AA

_L¥FTrebnitz

.7' 2
L]
‘9! =

Umfield
Period

b ae-) ="
Salsitz

Z

Middle Ages/

' .
' '
' '
' '
' '
' .
' '
: -
' '
' '
' '
' '
; :
' '
' '
' .
' '
B3 studied site ' :
Local sub-catchment up to % '
10 km upstream of studied | 2
site ' .
EE Studied site . :
' '
' '
' '
e :
' '
' '
; :
' '
' '
‘ . :
(I - , y s 5558
' p '
: [110 km 110 km
. Known coordinates Symbolic coordinates | ® 800-1000 CE
1 0 Settlement ®  Settlement . © 1000-1200 CE
' '
! & Single find 4 Single find : o 1200-1400 CE
, O Burial site ®  Burial site . O 1400-1600 CE
\ #  Ritual site *  Ritual site '
. '

Fig. 6. Former settlement patterns in the study area: (a) Overview of the total and local (up to 10 km upstream from the site locations) site sub-catchments, (b)
pattern of the Urnfield Period (3.2-2.8 ka) based on archaeological data, (c) pattern of the Middle Ages/Early Modern Period (village foundations) mainly based on

written historical data.

Table 5

*

Number of foundations of villages in the study area between 800 and 1600 CE
based on written historical data.

Period (CE) Meilitz" Trebnitz" Salsitz”
800-1000 12/9 51/11 56/20
1000-1200 32/5 52/9 72/32
1200-1400 297/109 372/24 388/39
1400-1600 138/37 157/6 162/12

@ Data for: Total site sub-catchment/local site sub-catchment up to 10 km

upstream.

remains of the following sediment generation, overprinted by pale-
osol T-PS-2, are found in the western part of terrace level TT-c. These
sediments were dated to 0.7 + 0.1 ka (core TC32). The following
sediment generation overlies paleosol T-PS-1 in terrace level TT-a,
where its material possibly forms part of the alluvial fan sediments
of the Buchenheimer Bach (Fig. 2b), and overlies paleosol T-PS-2 in
the western part of TT-c. These sediments were dated between 0.5 +
0.1 ka (cores TC21, TC22, TC30) and 0.2 4+ 0.02 ka (core TC9).
Coarser grain sizes compared with underlying material in cores TC11
and TC32 (Fig. 4c, d) indicate a higher-energy fluvial environment
than before. In terrace level TT-b and the western part of TT-c these
sediments are divided by weak paleosol T-PS-1a, obviously repre-
senting a rather short interruption of fluvial sedimentation. Pot-
sherds and high values of mass-specific magnetic susceptibility, Piota)
and TOC of the sediments overlying paleosol T-PS-1a in core TC32
suggest human activity in the floodplain (Fig. 4d).
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Meilitz (Fig. 3c): The oldest fluvial sediments, abandoned inorganic
channel fills, are found in the easternmost part of terrace level MT-b.
These were dated to 10.4-10.2 cal. ka BP (core MC74). These sedi-
ments are overlain by overbank deposits that are only found in the
eastern part of terrace level MT-b, and were overprinted by paleosol
M-PS-1. These fining-up sediments show upwards increasing values
of mass-specific susceptibility and TOC, the latter indicating strong
direct input of eroded surficial slope material at least at this marginal
floodplain position (Fig. 4e). They were dated to 8.3-5.8 ka (core
MC71) and 6.7-6.6 cal. ka BP (core MC74). The next sediment
generation was found in terrace level MT-b and the eastern part of
MT-c overlying paleosol M-PS-1. These sediments were dated be-
tween 2.8 - 2.1 ka (core MC71) and 1.9-1.4 ka (core MC53), and high
TOC-values in core MC71 indicate strong direct input of eroded
surficial slope material (Fig. 4e). The next sediment generation was
only found in the western part of terrace level MT-c, and was dated
between 0.5 £+ 0.1 and 0.3 & 0.1 ka (both core MC2). These sedi-
ments are divided by weak paleosol M-PS-1a, representing a short
interruption of fluvial sedimentation. Coarser grain sizes in the
sediments overlying paleosol M-PS-la indicate a higher-energy
fluvial environment (Fig. 4f).

Our compilation confirms most of our former field-based strati-

graphical and preliminary chronological classifications (von Suchodo-
letz et al., 2022). However, also some corrections were necessary, since
our fluvial paleosols often showed only very slight optical differences
with their over- and underlying sediment packages, making the direct
visual comparison of several parallel cores necessary for their recogni-
tion. This resembles the situation in many other Central European
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Fig. 7. Compilation of the overbank sedimentation phases at the studied transects in the middle WeiRe Elster floodplain together with the numerical ages.
Furthermore, phases of strong lateral reworking are shown. The subdivision of the Holocene relates to Walker et al. (2019).

floodplains where paleosols - indicating interruptions of fluvial sedi-
mentation within the stratigraphies - were hardly stratigraphically
detected (e.g., Notebaert et al., 2011; Fuchs et al., 2011). This contrasts
with lower latitudes, where visibly well-developed Holocene fluvial
paleosols can regularly be observed (e.g., Hall and Periman, 2007, May
et al., 2015, von Suchodoletz and Faust, 2018).

- With respect to the stratigraphy, in Salsitz between cores SC56 and
SC63 paleosol S-PS-3 had to be shifted to the position of former
paleosol S-PS-2. Furthermore, also the obviously incomplete and thin
layer of Early Holocene fine-grained sediments between cores SC38
and SC63 was not detected in the field. Otherwise, our field-based
stratigraphy could be largely confirmed.

With respect to the preliminary chronological classifications, in
Salsitz the sediments between former paleosols S-PS-3 and S-PS-2
(between cores SC56 and SC63) were shifted from the (earlier) Late
Holocene (fine-grained fluvial sediment generation [FFSG] II) to the
Early to Middle Holocene. In Trebnitz, the lower sediments east of
core TC15 were shifted from the (earlier) Late Holocene (FFSG II) to
the last millennium. Finally, in Meilitz the lowest sediments between
cores MC69 and MC74 were shifted from the (early) Late Holocene
(FFSG II) to the Early to Middle Holocene, and the upper sediments
east of core MC30 from the last millennium (FFSG I) to the earlier
Late Holocene. Hence, our study reveals that care must be taken
when chronologically classifying fluvial sediments even within one
river system just based on their stratigraphical-geomorphological
positions and/or sediment properties (cf. Kolb et al., 2016; Khosra-
vichenar et al., 2020).
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5.2. Holocene overbank sedimentation phases in the Weifje Elster

floodplain

Based on the stratigraphical contexts and numerical ages, our in-
vestigations in the middle WeiBe Elster floodplain revealed several main
phases of Holocene overbank sedimentation. In order to exclude local
overbank sedimentation just due to river-intrinsic effects (Khosra-
vichenar et al., 2020), these phases were only assigned in case that (i)
they were detected at least in two different transects, or (ii) they were
detected in just one transect but their sediments cover larger areas
(Fig. 7). However, we did not systematically compare the sediment
thicknesses from different phases with each other, since these cannot be
regarded as proxies for the intensities of sediment input to the floodplain
due to regular sediment remobilization and redeposition (von Sucho-
doletz et al., 2022):

(i) The first phase occurred between ca. 11 and 10 ka during the
Early Holocene, and its sediments were found in Salsitz and
Meilitz. In Salsitz they obviously form a thin and incomplete
cover in the floodplain, and due to the large errors of the lumi-
nescence ages their dating was only very approximate. However,
a radiocarbon age of underlying peat from a paleochannel of
11.2-10.8 cal. ka BP gave a terminus post quem for these sedi-
ments. The fact that no overprinting paleosol could be detected
can possibly be explained with its erosion immediately prior to
new sediment aggradation, or with the observed strong over-
printing by iron-manganese dynamics due to groundwater fluc-
tuations. In Meilitz, sediments from this phase form an
abandoned inorganic channel fill, and incorporated charcoal was
dated to 10.4-10.2 cal. ka BP.
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(iv)
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The second phase occurred around 9 ka during the final Early
Holocene. Its sediments were only found in Trebnitz, forming a
several decimeters thick continuous layer over >100 m along the
transect. Their age was bracketed by the radiocarbon age of
9.5-9.3 cal. ka BP from the underlying peat, and the lowest
radiocarbon age of bulk organic matter from the overprinting
“Black Floodplain Soil” of 7.4-7.3 cal. ka BP. Embedded charcoal
from these sediments was dated to 9.5-9.3 cal. ka BP, what could
suggest that fluvial sedimentation relatively abruptly interrupted
peat growth.

The third phase occurred between ca. 7.7 and 6.5 ka during the
Middle Holocene, and was mainly found in Salsitz and Meilitz
and with very low intensity also in Trebnitz. In Salsitz, its sedi-
ments form a several decimeters thick layer in the central
floodplain. Embedded charcoal gave ages of 7.7-7.6 and 6.9-6.7
cal. ka BP, and bulk organic matter from overprinting paleosol S-
PS-3 ages of 6.2-6.0 cal. ka BP. In contrast, the luminescence ages
encompassing this period show rather large errors. In Meilitz,
remains of these several decimeters thick sediments are only
found in the easternmost floodplain, and embedded charcoal was
dated to 6.7-6.5 cal. ka BP. Similar with Salsitz, a luminescence
age encompassing this period shows a rather large error. In
Trebnitz very slow fine-grained fluvial background sedimenta-
tion was observed during this time, whereof the sediments were
immediately overprinted by the formation of the “Black Flood-
plain Soil”.

The fourth phase occurred between ca. 4.2 and 3.5 ka during the
early Late Holocene, and its sediments were found in Salsitz and
Trebnitz. In Salsitz, these several decimeters thick sediments
cover large parts of the western floodplain. Charcoal from their
base was dated to 4.4-4.2 cal. ka BP, and a luminescence sample
to 3.9-3.5 ka. Largely missing sediments from preceding phase
(iii) indicate strong lateral erosion during this phase (von
Suchodoletz et al., 2022). Although charcoal from their upper-
most part was dated to 3.1-2.9 cal. ka BP suggesting a longer
duration of this phase, this single age could potentially also be
linked with overprinting paleosol S-PS-1. Hence, we did not
prolong phase (iv) until that time. In Trebnitz, the several deci-
meters thick relatively coarse-grained sediments of this phase
(Fig. 4c) indicate high-energy fluvial dynamics. Charcoal from
their base was dated to 4.3-4.1 cal. ka BP, and charcoal from their
upper part to 3.8-3.6 cal. ka BP.

The fifth phase occurred between ca. 2.8 and 2.2 ka during the
middle Late Holocene, and its sediments were found in Salsitz and
Meilitz. In Salsitz, its several decimeters thick sediments in the
central floodplain overlie Middle Holocene sediments of phase
(iii), and embedded charcoal was dated to 2.7-2.5 cal. ka BP.
Overlying sediments, separated from these sediments by weak
paleosol S-SP-2, indicate continued fluvial sedimentation after a
short sedimentation break. Accordingly, within their relatively
large errors the luminescence ages from these upper sediments
encompass the same period. In Meilitz, several decimeters thick
sediments from this phase in the easternmost floodplain overlie
sediments of phase (iii) or basal gravels. Their luminescence ages
range between ca. 2.6 and 1.6 ka, however, given that only one of
four ages is <2 ka this could also be derived from a very local
sedimentation or form an outlier. Hence, phase (v) was not pro-
longed until this time. Largely missing sediments from preceding
phase (iii) in Meilitz indicate strong lateral erosion (von Sucho-
doletz et al., 2022).

The sixth phase, occurring around 1 ka, was only found in Salsitz
during our study where its some decimeters thick sediments were
dated to 0.8-0.9 ka. However, several decimeters thick overbank
sediments, archaeologically dated between around 1.2 and 0.8
ka, were formerly detected in Pegau (Tinapp et al., 2008) located
downstream from our study area (location see Fig. 1b). Hence,
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this phase seems to be a larger-scale rather than a local phe-
nomenon.

Intensive fluvial aggradation and erosion occurred during the
last centuries, and weak paleosols within the sequences indicate
short-term interruptions of fluvial sedimentation. However,
caused by dating uncertainties, it was rather difficult to chrono-
logically subdivide this period. Hence, the chronological ranges
of the two identified sub-periods should be considered with
caution:

(vii) The seventh phase, largely occurring during the first half of the
last millennium, was found in all transects. A luminescence age of
0.6 + 0.1 ka was obtained from several decimeters thick sedi-
ments in the western part of transect Salsitz, resembling several
ages from decimeters-thick sediment packages in Trebnitz and
Meilitz. In the eastern part of the Trebnitz floodplain, their ages
varied between 0.7 & 0.1 and 0.4 + 0.04 ka, and (weak) paleo-
sols indicate at least one short interruption of sedimentation. In
Meilitz, sediments from this phase were dated to 0.5 + 0.1 ka,
forming the lower part of the fine-grained sediments in the
western floodplain. In both Trebnitz and Meilitz older sediments
were largely eroded, indicating strong lateral erosion during this
phase (von Suchodoletz et al., 2022).

The eighth phase, occurring during the second half of the last
millennium, was found in all transects. Strong erosion of older
sediments in Salsitz and Trebnitz indicates strong lateral erosion
(von Suchodoletz et al., 2022). The ages of this phase range be-
tween 0.5 and 0.3 cal. ka BP and 0.2 + 0.02 ka. However, its
lower chronological limit could be given by the age of 0.3-0 cal.
ka BP (Fig. 3a), and the upper limit by the fact that historic maps
do not show strong lateral migrations of the river courses at all
sites since about 1800 CE (von Suchodoletz et al., 2022). Hence,
this phase obviously occurred between ca. 0.35 and 0.2 ka.

(viii)

As mentioned above, former studies about overbank deposition in
the WeiBe Elster floodplain largely lacked numerical dating. Hence,
archaeological dating and sparse numerical ages often resulted in rela-
tively long and hence overestimated possible time frames for the
bracketed overbank sedimentation phases (Fuhrmann, 1999; Tinapp
et al., 2008), or coincidences between sedimentation and human set-
tlement phases were assumed (Tinapp, 2003). This often hinders a
comparison with our overbank sedimentation phases. Only in some
cases numerical or archaeological ages allowed a precise chronological
classification of formerly detected sedimentation phases, allowing a
direct comparison with our study (Fig. 7; site locations see Fig. 1b): As
mentioned above, at site Pegau archaeological dating bracketed a phase
of overbank sedimentation between ca. 1.2 and 0.8 ka (Tinapp et al.,
2008), encompassing phase (vi). Furthermore, at site Merseburg-Ost the
oldest overbank deposits were chronologically bracketed between 7.8 +
0.1 cal. ka BP (underlying peat) and 6.5 + 0.6 cal. ka BP (overprinting
paleosol) (Litt et al., 1987), coinciding with our phase (iii). Furthermore,
organic material from fine-grained sediments in Zwenkau was dated to
8.2-8.0 cal ka BP, falling between our phases (ii) and (iii). Altogether,
the rather incomplete patterns of overbank sedimentation at the studied
sites in the WeiBe Elster floodplain (Fig. 7) underline the need to study
several sites within one river system to understand its former fluvial
dynamics (Faust and Wolf, 2017; Khosravichenar et al., 2020).

5.3. Possible external controls of Holocene overbank sedimentation in the
Weifse Elster floodplain

To obtain information about possible natural or human controls of
overbank sedimentation phases in the WeiBe Elster floodplain, we
compared these with our former settlement pattern in the catchment, as
well as with paleoclimatic and paleoenvironmental data. Unfortunately,
such regional data are either fragmentary, do not contain paleoclimatic
information that seems useful in our context, and/or only encompass
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short periods (Litt, 1992; Wennrich et al., 2005; Breitenbach et al.,
2019). Hence, next to a rather short-term record of Late Holocene
Central European summer precipitation we had to use complete and
longer-term Holocene records from other Central European regions, i.e.,
the Alpine area and NE Germany/NW Poland, that were complemented
by global paleoclimatic information. However, the whole of Central
Europe is located within the mid-latitude European westerlies zone.
Hence, despite some regional differences, large-scale climatic and
environmental fluctuations and trends recorded in other Central Euro-
pean sub-regions should have been similar with those in our study area
(Mann, 2002; Magny, 2004; Roberts et al., 2018; Pleskot et al., 2020).

In the following, we discuss Holocene overbank sedimentation
phases within the WeiBe Elster floodplain against possible external
natural and human drivers and in comparison with other regional
studies (Fig. 8):

(i) Overbank sedimentation between ca. 11 and 10 ka in Salsitz and

Meilitz occurred prior to Neolithic settlement. However, it coin-
cided with higher lake levels in the northwestern pre-Alps that
were largely concomitant with low temperatures in the North
Atlantic and indicate more humid conditions in Central Europe
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(Magny, 2004). Likewise, also in the Elbe floodplain overbank
deposition was observed for that time (Tinapp et al., 2023;
location see Fig. 1b).

(ii) Pre-Neolithic overbank sedimentation around 9 ka was only

recorded in Trebnitz. During this phase no higher lake levels were
recorded in the northwestern pre-Alps (Magny, 2004). However,
a conspicuous charcoal layer within our sediments from this
period (Figs. 4c, 5f) suggests a link of fluvial sedimentation with
local fire activity, impacting the local vegetation cover. Accord-
ingly, a pollen record from the lowest WeiBe Elster floodplain
(Litt, 1992; same location as Litt et al., 1987) and from a former
wet depression near Kieritzsch in the lower WeiBe Elster catch-
ment (site described in Kretschmer and Viol, 2020) (both loca-
tions see Fig. 1b) indicate a regional dominance of relatively
easily burning pinus trees until the Atlantic period. Likewise, a
charcoal record from NE Germany/NW Poland indicates gener-
ally elevated Early Holocene fire activity in Central Europe that
decreased since about 9 ka (Dietze et al., 2018). Radiocarbon
dating from underlying peat of 9.5-9.3 cal. ka BP in core TC2
gives a terminus post quem for overbank sedimentation. Hence,
similar with a study from a pinus-dominated region in NE
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(iii)

(iv)

)

Germany (Dreibrodt et al., 2010) this theoretically also allows a
link of fire activity with drier conditions around 9.5 ka.
Overbank sedimentation between ca. 7.7 and 6.5 ka in Salsitz and
Meilitz, and with very low amounts also in Trebnitz, occurred
during the regional Early Neolithic. Both the local and total site
sub-catchments of Salsitz featured intensive settlement activity,
whereas Fig. 8 does not show such activity for Meilitz. However,
several stray finds of Neolithic age, partly also specified to the
Early Neolithic, were recorded for the latter whereof the un-
specified finds are not shown in Fig. 8 (Table 4; Miera et al.,
2022). Hence, Early Neolithic human influence of unknown kind
and intensity is also possible for site Meilitz. Furthermore, phase
(iii) coincided with more humid conditions in Central Europe
during the 7.3 ka global climatic event (Magny, 2004; Hou et al.,
2023). Hence, we suggest the interplay of both human and cli-
matic causes for significant overbank sedimentation during that
phase: During more humid conditions the regional vegetation
was partly destabilized by Early Neolithic human activity,
allowing a relatively easy sediment transport from the slopes to
the floodplain. Concomitantly, fluvial loess redeposition was
observed in the Helme floodplain, and fine-grained channel
filling at the Unstrut River (Dreibrodt et al., 2023, Kirchner et al.,
2022; locations see Fig. 1a).

Coarser-grained and hence higher-energy overbank sedimenta-
tion (Fig. 4c) occurred ca. 4.2-3.5 ka in Salsitz and Trebnitz
during the Early Bronze Age, largely representing a settlement
gap within the study area. However, intensive and medium set-
tlement activity during the preceding Late Neolithic was recorded
in the total and local site sub-catchments of Salsitz, respectively,
and intensive settlement activity in both the total and local site
sub-catchments of Trebnitz. Phase (iv) coincided with the global
4.2 ka climatic event that was especially well expressed in lower
latitudes such as the Mediterranean Basin (Bini et al., 2019), but
also by a decreasing number of low lake level indicators in the
northwestern pre-Alps (Magny, 2004) and higher snowmelt
fluxes during spring in Poland (Pleskot et al., 2020). Hence,
higher peak flows of the WeiBle Elster due to higher spring
snowmelt (Fig. 1c) could not only explain the observed higher-
energy fluvial sedimentation (Fig. 4c), but also intensive river
channel migration in Salsitz (Kleinhans and van den Berg, 2011).
Apparently, high sediment delivery during that time can possibly
be explained by a sediment cascade, i.e. slope material that was
primarily eroded during preceding intensive Late Neolithic set-
tlement was transported to the floodplain only during the
following more humid period (Fuchs et al., 2011). Concomi-
tantly, overbank sedimentation also resumed in the Elbe flood-
plain (Tinapp et al., 2023).

Overbank sedimentation between ca. 2.8 and 2.2 ka in Salsitz and
Meilitz coincided with relatively intensive Iron Age settlement
activity in all total, and with low to medium settlement intensities
in all local site sub-catchments. Furthermore, overbank sedi-
mentation was also preceded by intensive settlement activity
during the Urnfield period in all total site sub-catchments.
Additionally, this phase coincided with humid conditions in the
northwestern pre-Alps (Magny, 2004), and with relatively high
summer precipitation in Central Europe (Biintgen et al., 2011).
Hence, we suggest that during this phase the temporal coinci-
dence of intensive human activity and more humid conditions
caused intensive overbank sedimentation. Furthermore, strong
lateral erosion in Meilitz, recognized by the large-scale removal
of overbank sediments from phase (iii), indicates high peak flows
during this time. Although chronologically partly extending
beyond our sedimentation phase, concomitant overbank sedi-
mentation was also found in the Unstrut and Helme floodplains
(Kirchner et al., 2022; Dreibrodt et al., 2023).
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(vi) Overbank sedimentation around 1 ka in Salsitz, and in formerly
studied site Pegau (Tinapp et al., 2008; location Fig. 1b) in the
lower WeiBe Elster floodplain, coincided with the High Middle
Ages. According to the archaeological and written historical re-
cord (Figs. 8, 6b), in most site-subcatchments this time was
characterized by significantly increasing settlement activities
compared with the preceding Early Middle Ages. Additionally,
the later part of this phase partly coincided with humid condi-
tions in the pre-Alps (Magny, 2004). Hence, also for this phase we
suggest that intensive human activity paralleled by more humid
conditions caused intensive overbank sedimentation. No lateral
erosion was observed during this phase.

(vii) Overbank sedimentation between ca. 0.7 and 0.4 ka (ca.
1300-1600 CE), recorded at all three sites, encompassed the early
Little Ice Age (LIA; Mann, 2002). Although showing a relative
increase of low lake level indicators in the northwestern pre-Alps
indicating generally less humid conditions (Magny, 2004), sum-
mer precipitation in Central Europe peaked during this time
(Biintgen et al., 2011). Accordingly, relatively coarse-grained
overbank sedimentation (Fig. 4f) and strong lateral erosion in
Trebnitz indicate high peak flows during this phase. Concomi-
tantly, the written historical record shows a strong increase of
village foundations at the beginning of this phase (Fig. 6c¢).
Hence, also this phase of intensive overbank sedimentation was
possibly caused by intensive human activity in parallel with more
humid conditions. Similarly, also the Unstrut River showed
overbank sedimentation during that time (Kirchner et al., 2022),
and tentatively also the Elbe River (Tinapp et al., 2023). Gener-
ally, this time is known as a period of high climatic instability in
Central Europe, also including catastrophic geomorphic events
such as that linked with the Magdalenian Flood of 1342 CE also
recorded the WeiRe Elster catchment (Fiitterer, in press).
Accordingly, for this time also Rumsby and Macklin (1996) report
increased fluvial activity with alluviation and increased lateral
migration for several rivers in Northwestern Europe.

(viii) Overbank sedimentation between ca. 0.35 and 0.2 ka (ca.
1650-1800 CE), recorded at all three sites, occurred during the
final LIA. Whereas the northwestern pre-Alps did not show
increasing humidity, next to generally colder temperatures this
time was characterized by higher summer precipitation in Central
Europe (Biintgen et al., 2011). Accordingly, intensive and rela-
tively coarse-grained fluvial sedimentation (Fig. 4a, b, c, d, f) and
lateral erosion in Salsitz and Trebnitz indicate high peak flows
during that phase. No settlement record of the study area is
available for this time, however, following a population reduc-
tion due to the Thirty Year's War 1618-1648 CE the German
population, and possibly also that of the study area, strongly
increased again (Poschlod, 2015). Hence, also during this phase
more humid conditions coincided with an increasing population,
what possibly caused intensive overbank sedimentation. During
this time, conceivably, the Elbe showed fluvial sedimentation as
well (Tinapp et al., 2023). Likewise, after a calmer period be-
tween about 1550-1650 CE, Rumsby and Macklin (1996) observe
increased fluvial activity with alluviation and channel aggrada-
tion for several rivers in Northwestern Europe, however, that
activity period also extended beyond 1800 CE. Based on our
radiocarbon ages, this phase did obviously not encompass the
Thuringian Deluge of 1613 (Ohlig, 2013), but includes high-
intensity events such as the ice flood in 1784 that is also docu-
mented in the WeiBe Elster catchment (Fiitterer, in press).

On the one hand, some of our overbank sedimentation phases did not
coincide with high settlement activity in the sub-catchments of the
affected sites, whereas others do (Fig. 8). Hence, unlike most former
studies mainly from western and southern Central Europe overbank
sedimentation was not necessarily (directly) linked with human clear-
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cutting of the protecting vegetation cover (Starkel et al., 2006; Fuchs
et al., 2011; Notebaert et al., 2011; Houben et al., 2013; Stolz et al.,
2013). On the other hand, all but phase (ii) coincided with documented
more humid periods linked with generally colder conditions in the North
Atlantic realm (Mann, 2002; Magny, 2004), and/or with periods of
increased summer precipitation in Central Europe (Biintgen et al.,
2011). Hence, we suggest an intricate interplay between natural and
human controls for overbank sedimentation in the WeiBe Elster
floodplain:

- The flooding events needed for overbank sedimentation were
possibly linked with extreme peak flows either caused by more
discharge due to high snowmelt fluxes and/or ice jams during spring
(Pleskot et al., 2020; Fiitterer, in press), or with high summer pre-
cipitation possibly linked with Vb weather types (Biintgen et al.,
2011; Nissen et al., 2013) (discharge regime of the Weile Elster see
Fig. 1c).

Although also some kind of Mesolithic influence on the Central Eu-
ropean sediment dynamics is discussed (Bos and Urz, 2003; Dotter-
weich et al., 2013), similar with Dreibrodt et al. (2010) the necessary
sediment mobilization from the slopes to the floodplain most
certainly had natural causes during pre-Neolithic phases (i) and (ii).
Accordingly, for phase (ii), occurring during a period of generally
increased fire activity in Central Europe (Dietze et al., 2018; Fig. 8),
fire activity in the surroundings of the affected site Trebnitz is
documented in our sediments (Figs. 4c, 5f). Similarly, despite
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missing direct evidence local fire activity could also have played a
role for phase (i), since the Central German lowlands showed a
prolonged dominance of relatively easily burning pinus trees until the
Atlantic period (Litt, 1992, unpublished results from site Kieritzsch).
Furthermore, Early and Middle Holocene land snail data from sedi-
ment archives in Central Germany show many species preferring
open vegetation in the drier lowlands, and only in the higher alti-
tudes of the neighboring mid-mountain ranges the proportions of
typical forest species increased during that time (Mania, 1972;
Fig. 9). The concomitant dominance of tree (pinus) over non-arboreal
pollen in Zoschen (Litt, 1992) and Kieritzsch (unpublished results)
from the same area can possibly be explained by different spatial
scales of both proxies: Whereas pollen is distributed by wind over
several kilometers reflecting the regional vegetation (Schwark et al.,
2002), land snails only have spatial ranges of <100 m giving local
information (Edworthy et al., 2012; Parkyn et al., 2014). Hence,
prior to Neolithic settlement the drier regions of Central Germany,
possibly also including our studied sites and parts of their sub-
catchments with current precipitation <600 mm/a (Fig. 9), obvi-
ously also showed interspersed non-forested habitats. Our study area
was partly intensively settled since the Early Neolithic. Accordingly,
since that time most overbank sedimentation phases temporally
coincided with human settlement. However, for phase (iv) we
observe a time lag between intensive settlement and following
overbank sedimentation. As mentioned above this could possibly be
linked with a sediment cascade, i.e., slope material that was
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11 E Forest steppe vegetation
Bl - Forest vegetation

‘ol
- [ Fioodplain vegetation L.k'n{

; gz

Fig. 9. Results of land snail analyses in Central Germany (Mania, 1972), and current mean annual precipitation patterns. Furthermore, the Weiie Elster catchment
(brown) with our studied transects (S = Salsitz, T = Trebitz, M = Meilitz) is shown. The 500 mm/a (hatched) and 600 mm/a (solid) isohyets of annual precipitation
are based on data of the German Meteorological Service (DWD). The topography of the maps is based on SRTM 90 m v. 4.1 data, and the chronology of the Boreal and
Atlantic periods was taken from Kaiser et al. (2023). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of

this article.)
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primarily eroded during intensive Late Neolithic human settlement,
a period with strongly increased low lake level indicators in the
northwestern pre-Alps indicating drier conditions (Magny, 2004),
was transported into the floodplain only during the following more
humid period (Fuchs et al., 2011). Finally, during the Late Holocene
overbank sedimentation phases larger amounts of fine-grained ma-
terial already existed in the floodplain. Hence, next to direct sedi-
ment input from the slopes, indicated by systematically decreasing
weathering degrees of the sediments with time (upwards mostly
decreasing Rb/Sr-ratios in Fig. 4), also in-river reworking of older
sediments must have played a role for overbank sedimentation what
is demonstrated by signs of strong lateral reworking since phase (iv).

6. Conclusions

We compared our quite well-dated Holocene overbank deposits in
the WeiBle Elster floodplain with a spatio-temporally exceptionally well-
resolved regional former settlement record, as well as with paleoclimatic
and paleoenvironmental data from Central Europe. This dataset allowed
unprecedented insights into possible natural and human drivers of Ho-
locene overbank sedimentation in a Central European meso-scale river
system. Unlike most former studies from Western and Central Europe,
our data suggest that the overbank sedimentation phases were obviously
not necessarily linked with human activities in the affected site sub-
catchments, but were also linked with natural factors leading to sedi-
ment mobilization from the slopes into the floodplain. On the one hand,
this difference with most former studies could possibly be explained by
previously often limited numerical dating of the fluvial sediments, as
well as by largely missing spatio-temporally well-resolved settlement
records from the studied sub-catchments, hindering a precise temporal
link of fluvial sedimentation with former human settlement. On the
other hand, this difference could possibly also be explained by a higher
natural sensitivity of the landscape dynamics in the Central German
lowlands towards external controls. This could be caused by the regional
subcontinental climate, leading to a more open natural vegetation cover
compared with most former study areas located in climatically more
oceanic areas.

However, the fluvial and sediment dynamics of the WeiBe Elster river
catchment are rather complex, and despite a relatively large number of
numerical ages our age model partly show rather large uncertainties due
to methodical issues of the applied dating methods. Furthermore, the
lack of well-resolved regional paleoclimatic and paleoenvironmental
data makes the comparison of our overbank sedimentation phases with
natural factors rather approximate. Hence, although our study repre-
sents a large step forward with respect to former studies, also for the
Weile Elster catchment the intricate interplay of natural and human
causes for overbank sedimentation is far from being well understood.
Furthermore, for more insights into these processes detailed research on
the Holocene slope sediment dynamics within the Weille Elster catch-
ment is needed, allowing to understand slope-floodplain coupling
including possible sediment cascades. Such investigations are currently
underway.
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