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ABSTRACT. We studied the structure and development of the Holocene floodplain of the Labe (Elbe) River by radiocarbon
dating sections of the upper and middle courses of the river. We focused on geomorphological and sedimentological condi-
tions, mineralogy and the chemical composition of sediments. We established the stratigraphy of the Holocene deposits of the
floodplain. The results of our investigation of fluvial sediments imply that several abrupt changes in temperature and precip-
itation occurred during the Holocene. These changes led to intervals of hydrological disequilibrium, which caused the forma-
tion of two Holocene terraces and a contemporaneous floodplain. The lower terrace was flooded and covered with sediments
upon which the recent floodplain formed. During the Holocene, there were four periods during which large tree trunks were
deposited in the fluvial sediments, indicating periods of extensive flooding. The supposition that these events were of more
global scale is supported by the results of investigations made on the Holocene floodplains of other regions.

INTRODUCTION

We studied the structure and development of the Holocene floodplain of the Labe River in selected
sections of the upper and middle courses of the river in the territory of the Czech Republic (Fig. 1).
We focused on the sedimentology and stratigraphy of the Holocene deposits of this floodplain and
determined the sedimentary chronology in archaeological studies using radiocarbon dating. We
found that the terrace structure of the Holocene floodplain formed by repeated erosion and aggrada-
tion. At intervals during the periods of sedimentation, tree trunks were deposited, indicating periods
of increased flooding. Human settlement also affected the evolution of the Holocene floodplain.
Wood samples were taken from carbonized oak trunks that were found in fluvial sediments of the
Labe River under the water level.

METHODS

Radiocarbon Dating

We dated wood samples in the Radiocarbon Laboratory of the Department of Hydrogeology and
Engineering Geology, Charles University, Prague. The dating methods used in this laboratory were
described previously (Silar and Tykva 1991). The samples received the standard acid-base-acid
(ABA) treatment and were “C-measured by CO, proportional counting. Table 1 summarizes the
measurements of 23 samples collected over a period of several years.

Results are reported in 14C years before present (BP) with 1-o standard deviation and calculated
using the convention of Stuiver and Polach (1977). The 14C ages were also dendrochronologically
corrected using the CALIB 3.0 program (Stuiver and Reimer 1993). The standard deviations of the
corrected ages result from those of the 14C ages and of the calibration curve. The corrected ages are
reported in 1- and 2-o standard deviations.

!Department of Hydrogeology and Engineering Geology, Faculty of Science, Charles University, Albertov 6, 128 43
Praha 2, Czech Republic
2Geological Institute of the Academy of Sciences of the Czech Republic, Rozvojové 135, 165 00 Praha 6, Czech Republic

Proceedings of the 15th International 14C Conference, edited by G. T. Cook, D. D. Harkness,
B. F. Miller and E. M. Scott. RADIOCARBON, Vol. 37, No. 2, 1995, P. 131-137 131

https://doi.org/10.1017/50033822200030563 Published online by Cambridge University Press


https://doi.org/10.1017/S0033822200030563

P.Jilek et al.

132

-dd 98e oaneSou,, e syussaidai

(£66T) uosiesd pue I9AIMG LOV9 (6£L9) €91L 8159 (6€L9) S689 0ST +0T6S ZSTI-ND
(9861) 10 12 Yo1ury
{(€661) END puE 19Y03g ‘U0SIEd] Lg6L (61€8) L9S8 €18 (61€8) ¥Ib8 OLI FOISL €STI-ND 151
(€66T) uosiedq puUE 19AIMS L621 (0vST) TL81 YO¥1 (OPST) TILT OET #0L9T  6L0T-ND yorog
(9861) ‘17 12 yorury
(€66T) enD puE 19)09¢ ‘U0SIEd] L868 (06¥6) 6966 L9726 (06¥6) 1786 0TZ T 0£S8  THOT-ND
(£66T) 193294 pue 15wory 166 (0LE°0T) 000°TT Zv0°01 (0LEOT) 06801  OVZ 06£6  886-NO 13i00)
(€661) uewsaz pue lepg
‘AONRIZNY (E£661) I9AINIS PUE UOSIED] L€ (098€) 78Ty 059¢€ (098€) €80¥ 0ST ¥ 08SE  SLOI-ND
(€661) uewaz pue ze[ig
‘eAONIZNY ‘(€66T) 19AIMS pue UOSIBRy  OTHE (OVLE ‘OSLE ‘OLLE ‘06LE ‘0E8E) 82T $T9€ (OVLE ‘OSLE ‘OLLE ‘06LE ‘0E8E) TY6E  OST +0TSE  $LOT-ND
(€66T) uewaZ pue Je[ig
gAONIZDY {(£66T) UOSIES] PUE IOAIMIS ¥881 (0122 ‘0€TT ‘01€T) 91LT €502 (012Z ‘0€2T 0T€T) €SEC OV ¥ 0VZT OLOT-ND
(€66T) uewaZ pue Je[ig
‘GAORRIZNY {(£66T) UOSIES PUE JOAIIS ¥821 (0ZST) ¥T81 6v€1 (0TST) T69T  OET F0Z91  THOT-NO
(€661) uewaz pue zefig
‘AOYRIZIY {(€661) 19AINIS PUE UOSIEI] ozLg (0STH) 995t 1€6€ (0STH) 2Py 0ST 7 008€  0POI-NO
(€661) uewsaZ pue Iefig
‘AONRIZIY (£66T) UOSIEI PUB IOAIMIS so€1 (0LST) TT61 ZIPL (OLST) ¥ELT OPTFO00LT  L86-ND
(€66T) uewaZ pue Je(ig
‘gAONIZIY (£66T) UOSIE] PUB IAIMS 195 (086%) 79SS ye8y (086¥) 8675 091 +0Ivy  986-ND npy
(£661) 19AIMS pue uosIesg L98¢ (0LTP) 608Y 100+ (0LZY) TOSY  OY1 ¥ OLSE ZTOI-ND
(€661) 19AIMS pue uosIEdg 08L€ (0v6€ ‘086€) 01y 8eLE (OV6E ‘086€) 0Ty  OVT ¥ 0L9E  9Z01I-ND
(€661) uosIBag pUR JOAIMG 68L (0901) 9621 L€6 (0901) 8TZ1 0TI 0911 €201-ND
(€66T) 19AIMS pue uosIBdJ 8082 (0zzE ‘O¥TeE) 195€ 986¢ (0ZZ€ ‘0vZE) 08€€  0ST FO¥0E  0T0T-ND oyigipely
(£661) uUOsIE3 pUE JOAIS 91e (1vS) TL9 z0s (IvS) 9¥9 OIL FO¥S  9SII-ND 20107
(€661) uosieaq pue 19AIMS ¥L0S (86YS “T0SS ‘I8SS) 068S yZES (86¥S ‘T0SS ‘T8SS) 9595 OF1 ¥ 008F ISII-ND
(£661) 19309¢ pue Jowory 06v6 (¥¥66) Z0EOT 8596 (bv66) 6£00T 061 F0¥68 ¥STI-ND
(£661) uosteag pue 9IS ££99 (1Z0L ‘SLOL ‘6L0L ‘SETL ‘TYIL) TSEL 1989 (1TOL ‘8LOL ‘6LOL ‘SETL ‘THIL) ¥1TL OST FOLI9 SSII-ND 81oqpues
(€661) uewaz pue zepig
@AONRIZIY {(E66T) UOSIBI] PUE JIOAIMS +0 (0 0T ‘0ST ‘081 ‘0L7) 66V +0 (0 ‘0T ‘0ST ‘081 ‘0L7) OI€ 0TI 081  #¥OI-ND
(£661) uewaz pue zejg ukIN
‘@AONRIZIY (E66T) UOSIBI] PUB IOAIMS «0 (Ov€ ‘09) 1€9 16T (OVE 09%) LIS 0ZI F0LE  €401-ND Ansojpuidg
S0URIR)IY 07 o7 (dg 1£) -ou SUONEI0|
a8e Oy, ordueg ojdureg

(dg 1£) sa8e pajeiqrred Jo aSuey

I9ATY 2qeT 9} JO SJUSWIPAS 9ud00[oH woij sojdwes poopy Sune( uoqiesorpey jo synsoy ‘[ 414V

https://doi.org/10.1017/50033822200030563 Published online by Cambridge University Press


https://doi.org/10.1017/S0033822200030563

14C Dating of Holocene Sediments in Bohemia 133

0 50 100 km

Fig. 1. Site locations: 1. Spindleriv Mlyn; 2. Vrchlabf; 3. Hostinné; 4. Debmé;
5. Bylany; 6. Sandberg and LZovice; 7. Hraditko; 8. Kluk; 9. Ostré4; 10. Borek;
11. TiSice

Sedimentological Research

Three natural levels can be distinguished in the Holocene floodplain of the upper and middle courses
of the Labe River: two floodplain terraces (higher and lower) and the recent floodplain (Fig. 2). The
two floodplain terraces are not consistently developed along the whole course because of local con-
ditions (e.g., there is an antecedent valley at Kuks). The three levels provide evidence for the exist-
ence of three periods when the river reached a graded profile, i.e., the sediments were neither erod-
ing nor accumulating. Changes were usually sudden and resulted in a considerable increase of
sedimentary discharge.

The recent floodplain level developed during sweeping floods in the Little Ice Age, at their highest
frequency during the Middle Ages, connected with cooling and increased precipitation during cold
climatic fluctuations. The higher floodplain terrace lies 4 m above the present river level and is a
remnant of an early Holocene floodplain. It consists of early Holocene fluvial gravel and sand, and
wind-blown sands. Remnants of river meanders are preserved on its surface. Underlying Pleistocene
fluvial sandy gravels, characterized by pine woods occur in cores taken from these meanders.

The surface of this higher floodplain terrace is covered with layers of sand and silt. At Ostr4, we dis-
covered a 40-cm-thick silt intercalation, but we have not determined its origin; it may represent
weathered pyroclastic material. Findings of high concentrations of Nb (13-15 ppm), Y (28—46 ppm)
and Zr (121-267 ppm) seem to support this assumption. These elements and their contents suggest
low-alkali to alkali volcanism. Underlying Cretaceous marlstones (Nb <7 ppm, Y 9 ppm, Zr 92
ppm), and Quaternary fluvial sediments (Nb <7 ppm, Y <7 ppm, Zr 21 ppm) show considerably
lower concentrations of these elements.
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The lower Labe River floodplain terrace represents a remnant terrace from the end of the archaeo-
logical “fortified settlement” age. The surface of this terrace lies 2.5-3.0 m above the present river
level. It consists of fluvial sands with an admixture of gravel and fluvial sandy loams that cover the
majority of this terrace and that fill depressions of abandoned meanders. This level was studied at
Sandberg and Hradistko (Fig. 1). Archaeological findings are known on the remnant terrace at
Hradistko.

The recent floodplain is the narrowest, compared to the others, reaching only 0.2-0.25 the width of
the lower floodplain terrace. This annually flooded area is covered with fluvial “flood loams” and
numerous oxbow lakes connected with the river. The present Labe River valley has been made nav-
igable mostly at the level of the recent floodplain by straightening the river course, thereby cutting
off numerous meanders from the river system. The new riverbed can be described as a navigable
canal with perfectly paved river banks. The origin of this recent floodplain is linked with an abrupt
climate change at the onset of the Little Ice Age.

RESULTS

We summarize below the main stages of the development of the Holocene Labe River floodplain
(the chronology is indicated in calibrated years BP for the period prior to AD 0 as usual in Quaternary
geology, and in calibrated years AD for the subsequent period, as usual in archaeology).

10,000-9500 cal BP

Erosion of the Pleistocene sandy gravels from the last glacial; accumulation of sediments of the
upper floodplain level; occurrence of oak forests on the surface of the floodplain.

9500-9000 cal BP

Successively: sedimentation of a layer containing tree trunks (see Table 1, Ostra samples); iso-
lated occurrence of Pleistocene fluvial sediments in meander cores, occasionally with Mesolithic
settlements; eolian activity; deposition of volcanogenic material; wind-blown sands.

~8000 cal BP

Disruption of the graded profile; fluvial erosion, formation of the upper floodplain terrace as a
morphological level; formation of the base of deposits of the lower floodplain terrace.

7700-6900 cal BP

Second layer with trunks; redeposition of older sediments including subfossil trunks from the
upper floodplain terrace and deposition of younger trunks, accumulation of fluvial sands and
gravels of the lower floodplain terrace.

~5500 cal BP

Third layer with trunks; the river system reaches an equilibrium and begins to meander; deposi-
tion of organic material in oxbow lakes; onset of Neolithic settlement continuing to the Bronze
Age (Dreslerova 1994); trunks with traces of cutting at the Kluk site (Fig. 1).

~3700 cal BP

Fourth layer with trunks; destruction of river equilibrium; sudden renewal of sedimentation of
gravels and sands; fluvial sands and gravels overlie the previous surface.
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3500-3200 cal BP

Equilibrium is re-established; further river meandering; deposition of fluvial loams; brown soils
develop on the surface of the floodplain in areas covered with floodplain forest.

~AD 0
A new wave of settlement in the first centuries (the Roman period), and in the early Middle Ages.
AD 1150

Destruction of equilibrium; floods; settlements are abandoned again during the early Middle
Ages; ca. 2-m erosion in some parts of the floodplain; the floodplain forest reappears.

AD 1250
Extensive floods and aggradation; floodplain forest partially buried by overbank deposits.
AD 1550-1700

Extensive floods caused by considerable cooling and humidification of climate; formation of the
space for the recent floodplain; redeposition; sedimentation.

AD 1800-1900

Deposition of fluvial loams and sands; the river reaches equilibrium and meanders; in the late 19th
century, the floodplain is resettled; large-scale construction on the surface of the recent floodplain;
regulation of the river flow; bank protection; construction of locks and weirs; opening of new
large sand pits.

CONCLUSION

Our investigation of the Holocene fluvial sediments of the Labe River suggests that several abrupt
changes in temperature and precipitation occurred during the Holocene. These changes caused peri-
ods of hydrological disequilibrium that resulted in the formation of two Holocene terraces, and are
marked by four intervals of tree-trunk deposition in the fluvial sediments. In central Europe, these
intervals represent climatic catastrophes, and they may correlate with global events, as suggested by
studies of Holocene floodplains in other regions (Schirmer 1980, 1983).

Our present knowledge thus indicates that the current Labe River valley is the result of abrupt, irreg-
ularly repeated climatic events that occurred over the past 10,000 yr. Will similar climatic changes
take place in the future? It seems likely, but our present knowledge about the processes causing these
changes does not allow us to predict them. In particular, we do not know how to separate the recent
anthropogenic impacts from the climate-controlled hydrological changes.
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