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ABSTRACT

The results of geomorphological research, focused on identification of larger remains of fluvial terrace sedimentary sequences in the
Zelivka, Sdzava, Berounka, Vltava and Labe river-drainage basins in the Bohemian Massif, are presented. The terrace flights are characterised
by a variable structure which is conditioned by the bedrock and drainage-network configuration created prior to the Pleistocene. They are
formed by the specific hydrodynamic processes during the Quaternary. A series of transverse-valley profiles and longitudinal profiles have
been constructed. This has enabled the differentiation of seven main terrace surfaces underlain by Quaternary fluvial sediments. However,
the uppermost levels are underlain by Neogene-age deposits that comprise both fluvial and fluvio-lacustrine sediments at altitudes up to
135 m above the present valley floor. The Quaternary incision of the Sdzava and Vltava valleys reaches an average depth of over 100 m. This
was induced by neotectonic uplift of the Bohemian Massif. The terrace flights include incised meanders and bends, most of which formed
during the Middle Pleistocene. Based on the currently accepted Quaternary chronostratigraphical scheme, the terrace system throughout
the Bohemian Massif is mostly of Middle and Late Pleistocene age that is the period from the Cromerian Complex to the Weichselian stages
of the NW European scheme. A marked erosional episode, that pre-dates the accumulation of terrace | sediments, occurred at the end of
the Early Pleistocene Subseries. Older levels of fluvial sediments in the central part of the Bohemian Massif, occupying higher topographical

positions, previously classified as of Pliocene age, are now considered to date from the Early Pleistocene.
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1. Introduction

The flight of river terraces and related fluvial deposits
in the Zelivka, Sdzava, Berounka, Vltava and Labe river
valleys in the Bohemian Massif (Figure 1) has traditional-
ly been used as a reference framework for the Quaternary
stratigraphy of the region. It is also realised (e.g. Zaruba et
al. 1977; Tyracek et al. 2004, 2009; Balatka, Kalvoda 2010)
that the terrace system, which is widespread along the
major rivers, developed as a result of regional neotecton-
ic uplift. Over the past years, the following procedure for
studying the terrace system and evolution of river valleys
has been adopted (Balatka, Kalvoda 1995, 2010; Balatka et
al. 2010a, b): a) evaluation of existing regional literature,
b) analysis of the longitudinal profiles of the modern river
and valley floor, c) detailed geomorphological survey of
the valley, d) reconstruction of river terrace surfaces and
underlying deposits in both long profiles and cross-sec-
tions, e) connection of the established terrace system in
individual valleys to the regional terrace system; f) an
outline of the main stages of the valley evolution through
the Quaternary. As a result of geomorphological research,
the longitudinal profiles of fluvial terrace accumulations
and Neogene sediment localities, the structure of valley
cross-sections and the major occurrences of planation
surfaces have been plotted (Balatka, Kalvoda 2008, 2010;
Balatka et al. 2010a, b).

This method of characterising the terrace system and
interpreting the valley evolution from it, builds strongly

on the assumption that the terrace elements, i.e. the pal-
aeo-thalweg and the surfaces of each major terrace level,
maintained stable gradients that correspond to the longi-
tudinal profiles and represent the so-called “equilibrium
profile”. In this state, the discharge and transport capacity
at each position along the river channel is in equilibri-
um with upstream sediment delivery and, averaged over
millenia, the river thus neither erodes nor accumulates
sediment but applies all its energy to the transfer of trans-
ported material (Mackin 1948). This state may be dis-
turbed, either in the direction of net erosion or in that of
net accumulation, as a consequence of differential tec-
tonic movements and changes in discharge regime and
sediment supply. For example, increased water and sed-
iment supply is associated with intensive cryogenic pro-
cesses during the colder intervals in the Pleistocene. In
these circumstances huge accumulations formed, alter-
ing the equilibrium profile to a new state over valley sub-
reaches. This results in marked steps in the river gradient.
The variations of the convex-concave gradient line in the
longitudinal profiles represent the front to backwards
erosion which proceeded upstream as a down-cutting
phase that begins when the cryogenic sediment delivery
stages ceases.

In this paper, the main features of the erosional and
denudational history of the central part of the Bohemi-
an Massif are discussed in relation to neotectonic and
climato-morphogenetic processes during the late Ceno-
zoic. The sedimentary and morphological records of the

http://dx.doi.org/10.14712/23361980.2015.87

Balatka, B. — Kalvoda, J. — Gibbard, P. (2015): Morphostratigraphical correlation of river terraces in the central part of the Bohemian Massif

with the European stratigraphical classification of the quaternary
AUC Geographica, 50, No. 1, pp. 63-73



64  AUC Geographica

Miada Boleslav

Hradec Kalové ’.

Lage
o ~=<
= K Pardubice l o /
22 i 4 .Sumperk
\ \
\ I
"»4 x Svitavy o ‘\IL N h' ¢
\ Zdar nad Sazavou ':.. | Ostrava
\\ ; «" J\ /
thlava \ / _' — .
Vi l‘» T !
N N I
N \| |1 |
N .'lll.nl ;\ Brno }5’
o |
) “m { e
Q-
‘ ~ N
.

0 15 30 60 km
I Y I Y N | - ‘ :

Fig. 1 Palaeogeographical position of Miocene sedimentary basins and present-day river network of the Bohemian Massif (adapted from
Malkovsky 1979 and Chlupdc et al. 2002). Key: 1-2 Middle and Upper Miocene sediments: 1 — preserved, 2 — assumed; 3-4 Lower Miocene
sediments: 3 - preserved, 4 — assumed; 5 - directions of transport of Miocene sediments.

Quaternary evolution of antecedent valleys and river
accumulation terraces in the central part of the Bohe-
mian Massif are correlated with the European chronos-
tratigraphical scheme for the Quaternary. The aims of the
study are the comparison of diverse results of the river
terraces exploration in major valleys of the region and
their uniform morphostratigraphical interpretation.

2. Erosion and denudation processes in relation
to the morphostructural evolution
of the Bohemian Massif

River valleys and terraces originate in regions of
variable tectonic activity combined with very specific
climate-morphogenetic and hydrodynamic processes
(Antoine et al. 2000; Bridgland, Westaway 2008; Gib-
bard, Lewin 2009). The palaeogeography of the central
part of the Bohemian Massif (Figure 2) involved sever-
al morphogenetic events related to significant tectonic
uplift. All the uplift episodes between the Cadomian and
Alpine orogenesis were accompanied by rapid denuda-
tion under very variable climatic conditions (Malkovsky
1975). For example, in the Upper Palaeozoic, some parts
of the Bohemian Massif were deeply denuded and crys-
talline rocks from a depth of 15 km were exhumed expos-
ing deep-seated granite massifs. The relief of the central

part of the Bohemian Massif took the form of a post-Her-
cynian planation surface denuded under a semi-arid and
very warm climate. From the Cretaceus Cenomanian to
Santonian stages, marine sedimentation occurred in the
Bohemian Cretaceous Basin. This marine transgression,
during which both the exhumed crystalline rocks and the
post-Hercynian planation surface, covered by kaolinic
and lateritic regoliths formed on them were submerged
for the first time since the Precambrian. This phase was
terminated by epiplatform uplift during the Santonian
(Chlupa¢ et al. 2002). The uplift of the Bohemian Mas-
sif at the end of the Santonian resulted from the ongoing
Alpine and Carpathian orogenesis. This event marked the
definitive retreat of the Upper Cretaceous epicontinental
sea which significantly receded leaving an erosion foun-
dation for the region.

The neotectonic rejuvenation of the Bohemian Massif
occurred during the Laramide stage of the Alpine orogen-
esis some 65 million years ago. The Bohemian Massif was
uplifted and a system of graben structures and diagonal
tectono-volcanic zones were formed. At the beginning
of the Tertiary, the climate in the Bohemian Massif was
humid and tropical, with a mean annual temperature
of up to 26 °C and a mean annual rainfall of 2000-3000
mm (Malkovsky 1979). Lateritic and kaolinic weather-
ing products were developing up to the beginning of the
Oligocene, under warm and in some periods wet climate
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Fig. 2 Geological sketch of the
central part of the Bohemian
Massif (adapted from Chlupac
et al. 2002). Explanations: 1 -
Proterozoic metamorphosed
rocks of the Zbraslav and
Kralupy units, 2 - Proterozoic
volcanites, 3 — Cambrian to
Devonian sediments and
metamorphosed rocks of the
Barrandian unit, 4 - Proterozoic
rocks of the Stéchovice

unit, 5 - metamorphosed
subsilicic (alkaline) rocks,

6 — metamorphosed rocks of
an uncertain age, 7 — Upper
Carboniferous to Tertiary
sediments, 8 - Variscan

(Hercynian) granitic rocks.

D

conditions. The pre-Oligocene planation surface is indi-
cated by duricrust relics in western and central Bohemia
(Demek 2004). In the Oligocene the temperature fell to
16 °C under a savannah-type climate with dry winters,
and the very dry climate prevailed also in the Middle
Oligocene. The Upper Oligocene was characterised by
a permanently wet and warm climate, with subtropical
rain forests remaining until the Middle Miocene. Up to
the end of the Palacogene, streams ran through shallow,
wide vale-shaped low gradient valleys. However, at the
end of the Oligocene, planation processes of the Bohe-
mian Massif were interrupted by tectonic movements
(e.g. Malkovsky 1979; Chlupac et al. 2002), accompanied
by volcanic activity in its western and northwestern part
35-17 million years ago.

In the Oligocene and Miocene, the main European
watershed between the collection area of the epicontinen-
tal sea at the south-west and the basins of the Para-Teth-
ys crossed the Bohemian Massif approximately along the
north-western margin of the central Bohemian Pluton. It
then turned to the northern part of the Ceskomoravska
vrchovina Highlands. From there it continued to the

north (Chlupa¢ et al. 2002). The initial impulse towards
the morphographical distinctiveness of geomorphological
units was initiated in the Lower Miocene (Aquitanian to
Burdigalian), when tectonic disintegration of the plana-
tion surface occurred. The progressive depression of the
southern and southeastern parts of the Bohemian Massif
in the Middle Miocene enabled the sea to penetrate into
these regions (Demek 2004). Depressions in the region of
the Ohfe rift and differential movements of the main fault
zones in the Bohemian Massif were also morphotecton-
ically significant. Moreover, the evolution of the relief of
the Bohemian Massif was influenced by two neotectonic
stages of volcanic activities in the Upper Miocene between
9.0 and 6.4 Ma, and from the Upper Pliocene to the Pleis-
tocene, between 3.0 and 0.17 Ma ago (Ulrych et al. 2011).
Morphostructural patterns of the Bohemian Massif, origi-
nated during the Miocene, determined the main elements
of present-day river network (cf. Figures 3 and 4).

The oldest indices concerning the disposition and
changes of the river network of the Bohemian Massif are
preserved in the Miocene sedimentary record (Malk-
ovsky 1975, 1979; Kovanda et al. 2001). During the Lower
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Miocene, a tropical humid climate with dry periods pre-
vailed in the Bohemian Massif. This later changed to
a subtropical wet climate in the Upper Miocene. Periods
of humid climate in the Neogene were characterised by
very extensive erosion and denudation of the kaolinic and
lateritic weathering mantle, down to the basal weather-
ing surface. Since the intensive volcanic activity ceased
at the end of the Lower Miocene a “post-volcanic” plana-
tion surface developed. It was being formed under warm
and humid climatic conditions from the Middle Miocene,
throughout the Pliocene (5.3 - 2.6 Ma) and continued
into the lowermost Early Pleistocene (Chlupac et al.

Fig. 3 Antecedent valley of the Labe river
near Litomérice town, partly infilled by
fluvial and slope accumulations, is cut
through an uplifted horst of crystalline
rocks which is an underlier of neovolcanic
rocks in the Ceské sttedohofi Low mountain
range.

Fig. 4 Deep valley of the Berounka river with
a considerable fluvial accumulation terraces
incised into Cambrian volcanic rocks of the
Ktivoklatské vrchovina Highland in the late
Cenozoic.

2002; Demek 2004). The morphostructural features and
the internal differentiation of this Neogene planation sur-
face were dependent on the rock resistance to weathering
under a tropical or subtropical climate.

In the Middle and Upper Miocene, southern Bohe-
mia was still drained towards the south (Tyracek 2001;
Tyracek, Havli¢ek 2009). It is indicated both by relics of
fluvial and lacustrine sediments and by secondary finds
of river-transported moldavites (these tektites originated
during the Rees Impact and are radiometrically dated at
14.3 million years) in the adjacent part of Austria. During
the late Cenozoic, the regionally differentiated tectonic
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uplift and changes of the European climate were signifi-
cantly represented in the evolution of the fluvial network
of the Bohemian Massif. The granular character of the Pli-
ocene river sediments is similar to those of Lower Pleisto-
cene terrace deposits which indicate that the orographical
situation of the Bohemian Massif was closely similar to
that today (Kalvoda, Balatka 2006; Balatka 2007). Impor-
tant changes in the fluvial network occurred at this time
with significant manifestations of epigenetic and ante-
cedent evolution of river valleys through rapid erosion
(Figures 3 and 4), as well as ongoing reconstruction of
the large area of sedimentation of transported material.

3. River terraces evolution in the central part
of the Bohemian Massif during the Quaternary

3.1 Geomorphological position of river terraces related
to tectonic uplift

The oldest river terrace accumulations in central
Bohemia are situated above the margins of the can-
yon-like valleys of Vltava, Berounka, Sazava and Zelivka

Rivers (e.g. Zaruba-Pfeffermann 1941, 1942; Zaruba et
al. 1977; Kovanda et al. 2001; Tyracek et al. 2004, 2009;
Balatka, Kalvoda 2010). Relics of Miocene gravels and
sands at the Sulava locality, near Radotin town have their
surface lowered by erosion to 358 m a.s.l. and their base at
314 ma.s.l,ie. 163 m or 119 m above the Berounka riv-
er level. Other relics of these Miocene and Pliocene-age
sediments recorded from the neighbourhood of Slivenec,
near Suchomasty and on Bild Hora (380 m a.s.l.). The sur-
face of Early Pleistocene sands and gravels, up to 40 m
thick, between Kobylisy and Sedlec on the Zdibska plosi-
na Plateau, occurs at 300 to 325 m a.s.l.,, i.e. 125 to 150 m
above the Vltava river level, and 35-60 m below the Ladvi
touchstone ridge (359 m a.s.l.). They also include round-
ed pebbles and boulders of crystalline rocks derived from
the regions of Kutna Hora, Ri¢any and Koufim towns
(Zaruba-Pfeffermann 1941). Northwards from these Pli-
ocene spreads on the Zdibska plosina Plateau, are sedi-
ments up to 20 m thick (with their surface 112 m above
the Vltava river level). These sediments originated, within
the so-called Lysolaje group of terraces, during the Mid-
dle Pleistocene (Table 1). In the Early Pleistocene, the
Vltava and its tributaries were still freely meandering in

Tab. 1 Chronostratigraphical correlation of river terrace deposits in the central part of the Bohemian Massif related to North-West Europe
stratigraphical stages of the Quaternary.

Regional stratigraphical stage/
substage divisions of the
Quaternary (Gibbard et al.
2004, 2008, 2009)

SAZAVA

Balatka (2007),
Balatka, Kalvoda
(2010)

BEROUNKA
Balatka, Louckova
(1992)

VLTAVA - LABE
confluence area
Balatka, Sladek
(1962)

VLTAVA
Zéaruba
atal. (1977)

VLTAVA and LABE
system

Tyracek (2001), Tyracek
et al. (2004, 2009)

Late Pleistocene
Weichselian

Pikovice Terrace
(Vi)

Lipence Terrace (Vlla)
Dobtichovice Terrace
(VIlb)

Hostin Terrace
(Vlla, b, ¢, d)

Maniny Terrace
(Vi)

Maniny Terrace
(Weichselian)
Hostin 1 Terrace

Middle Pleistocene
Saalian (Warthe)

Potici Terrace (VI)

Kazin Terrace (VI)

Mic¢echvosty
Terrace (Vla, b, ©)

Veltrusy
Terrace (VI)

Veltrusy Terrace
(Warthe)

Elsterian

(1Mb)

Terrace (IlIB)

Middle Pleistocene Méstecko Terrace Liblin Terrace (Va) Citov Terrace (Va, Dejvice Terrace | Dejvice 1 and 2 Terrace
Saalian (Drenthe) V) Pou¢nik Terrace (Vb) Vb) V) (Drenthe)

Middle Pleistocene Tynec Terrace (IV) Zbraslav Terrace (IVa) Hnévice Hill Letna Terrace Letna Terrace (Fuhne)
Saalian (Fuhne) Hyskov Terrace (IVb) Terrace (IV) (Iv)

Middle Pleistocene Buda Terrace (llib) Srbsko Terrace (lllb) Straskov Terrace Vinohrady Vinohrady Terrace

(Elster)

Middle Pleistocene
Cromerian Complex (Glacial c)

Chabefice Terrace
(Illa)

Tetin Terrace (llla)

(Ila)

Kralupy Terrace
(I1A)

Kralupy Terrace
(Cromerian Q)

Middle Pleistocene
Cromerian Complex (Glacial ¢)

Cesky Sternberk
Terrace (Il)

Pohofelec Terrace (lla)

Hlince Terrace (llb)

Led¢ice Terrace (1)

Pankrac Terrace

(I

Pankrac Terrace
(Cromerian Q)

Middle Pleistocene
Cromerian Complex (Glacial b)

Hvézdonice Terrace
(Ib)

Revnice Terrace (Ib)

Suchdol
Terrace (IB)

Suchdol Terrace
(Cromerian B)

Bojiste

Middle Pleistocene Strechov Terrace Skryje Terrace (la) Krab¢ice Terrace (I) | Lysolaje Lysolaje Terrace
Cromerian Complex (Glacial a) | (la) Terrace (IA) (Cromerian A)

Early Pleistocene Rovné Terrace Rovné Terrace (Dorst)
Bavelian (Dorst) Vraz Terrace (Menapian)
Menapian

Early Pleistocene Niveau B Niveau B Zdiby Stadial Zdiby Terrace
Eburonian - Menapian Radvanice (Pliocene) (Eburonian - Menapian)
Early Pleistocene Stfibrniky Terrace
Tiglian (upper Tiglian)
Neogene Niveau A Niveau A Klinec Stadial




68 AUCGeographica

shallow and wide valleys formed on the Neogene plana-
tion surfaces.

Even as late as the beginning of the Middle Pleisto-
cene, the basal boundary of which is the Matuyama /
Brunhes palacomagnetic boundary, dated at 780 ka,
new terrace steps were being progressively formed (70
to 100 m above the present water courses), together with
an epigenetic and antecedent deepening of the river net-
work. For example, the Suchdol Terrace is situated up to
2 km west of, and 96 m above the Vltava valley floor. The
Straskov (IIIb) Terrace of Balatka and Sladdek (1962) is
now ca. 70 m above the Vltava river near Racinéves in
the neighbourhood of the Rip mountain. It is described
by Tyracek (2001) as the Straskov 2 Terrace and is the
equivalent of the Vinohrady Terrace in Prague (Table 1).
During aggradation of the Straskov 2 Terrace, the Vlta-
va flowed west of the Rip Oligocene — Miocene volcanic
neck, subsequently diverting to its present-day position
east of Rip. The fluvial deposits underlying the Straskov
Terrace consist of a coarse lower and a finer upper unit
(Tyracek et al. 2004). These sediments are overlain by
loess and slope deposits that include palaeosols probably
representing two warm interglacial stages. The 12-14 m
thick lower fluvial units with stratified sands and gravels
indicate a cold-climate braided-channel environment.
The 0.5-2 m thick upper fluvial unit is composed of sand
and fine sandy gravel, disturbed by cryoturbation. It has
yielded thermophilous mammals, interglacial molluscs

198 P

g 185 P

170 N

Klinec  Niveau A

140 N Sloup Niveau B

(107) IA terrace surface

(94) 1B
terrace base

bedrock

Explanations:

and Palaeolithic archaeological material (Tyracek 2001;
Tyracek et al. 2004; Tyracek, Havlicek 2009).

The Vltava terrace sequence is subdivided longitu-
dinally into two reaches. Downstream of its confluence
with the Sazava river, the terraces are sub-parallel both
to each other and to the modern channel gradient of ca.
0.4 m km~L. Further upstream, the channel gradient is
more variable, but typically steeper than the terraces,
which thus converge towards the river’s source (Balatka,
Sladek 1962). An estimation of the values of the anteced-
ent deepening of the Vltava river (stimulated by tectonic
uplift), based on the position of relics of river accumula-
tion terraces (Figure 5), is influenced by series of uncer-
tainties such as terrace surfaces being irregularly lowered
by erosion, destruction of their bases, a variable range and
episodic rhythm of tectonic uplift. However, the results of
the estimation are an example of the dynamics of the flu-
vial bedrock erosion and the transportation of weathered
material in the region of central Bohemia during the late
Cenozoic (Kalvoda, Balatka 2006; Kalvoda 2007): a) Mid-
dle Miocene to Pliocene: rate of deepening about 2-4 cm
ka~1, b) Early Pleistocene: 6-12 cm ka™!, ¢) the younger
part of the Middle Pleistocene: 6-8 cm 10 a2, d) a part of
the Late Pleistocene (40 to 20 ka): 2—4 cm / cm ka~!. Dur-
ing the Holocene are mostly recycling of gravels, sands
and slope accumulations occurred in the valley bottom.

Deepening of the river network in the late Cenozo-
ic is also indicated by landform evolution in the area of

14.42%.I.

50.09°n.1.

Planation surface, denudation plateau 87, 75 relative height above river levelin m
(85), (26) hypothetical relative height above river levelin m
terrace surface N - Neogene sediments

1A -VII

\ erosion phase

- Vltava terraces
terrace base Vitava terrac

s

/ accumulation phase

Fig. 5 River accumulation terraces in the Vltava valley between the mouths of the Sazava and Berounka rivers (modified after Balatka,
Stépancikova 2006 and Balatka, Kalvoda 2010). The stratigraphical correlation of river terraces is shown in Table 1.
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the regional erosion base of the Bohemian Massif, i.e. in
the Décinska vrchovina Hilly Land. Between Décin and
Hrensko, erosion by the river Labe reached at least 50 m
in the Pliocene and 180-200 m in the Quaternary (Balat-
ka, Kalvoda 1995; Kalvoda, Balatka 1995). Besides the
system of river accumulation terraces, wind-blown sands,
loess loams and loess also provide valuable sedimentary
evidence of Quaternary landscape evolution (e.g. Sibra-
va 1972; Zaruba et al. 1977; Tyracek 2001; Balatka et al.
2010a, b). The deposits are maintained in a stratigraphi-
cally significant thickness in depressions or on lower pla-
teaux of the Ceskd4 vysocina Highlands.

3.2 Discussion of key morphostratigraphical features
of the river terraces

The river valleys of the region, and thus also their
contained terrace flights, are the product of processes of
hydrographical capturing from several Miocene individ-
ual catchments with different drainage directions. For
example, the Sdzava valley was probably initiated in the
Pliocene as a result of tectonic movements of anticlinal
and synclinal character, which interrupted the original
Tertiary drainage of the basin to the north. If the Lower
Miocene Sézava (with Zelivka) already flowed from the
Melechov ridge westwards, it captured the upper part of
the valley to its course probably at the turn of the Miocene
to the Pliocene. Relics of Miocene sediments are found in
two areas on the planation surface, i.e. in morphostruc-
tural depressions of the Sazava — Zelivka interfluve and
the Sazava — Labe watershed (Figure 1). They are found
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at levels above the canyon-like valley cutting, with their
surface at 110-135 m above the river (prevailing level A,
Table 1). They represent relics of accumulation fills of old
river channels as well as widespread denudational relic
morphology. These fluvial to fluvial-lacustrine sediments
are about 10 m thick. Their spatial distribution demon-
strates either Sdzava drainage from the Sdzava town to
the north, or, according to Malkovsky (1975, 1979),
Neogene drainage aligned towards the west, i.e. in the
direction of the present course. Neogene sediments near
Jesenice, south of Prague, filling deep channels near the
Sazava - Vltava watershed (Kovanda et al. 2001). They
indicate traces of drainage of the lower Sazava catchment
to the north.

In the Sdzava valley, seven main terrace surfaces with
several secondary surface levels have been differenti-
ated (Table 1). The genesis and structure of the terrace
system and the valley evolution were influenced by two
pronounced gradient steps in the river surface — one in
the middle course and one in the lowermost course just
before its confluence with the Vltava river. While in these
reaches the mean gradient is 5.7%o and 3.9%o respective-
ly, the 108 km long reach between both convex-concave
gradient steps has a mean incline of only 0.88%o. These
steps are associated with a huge fluvial accumulation
in the lower reaches: the lower step mainly in the Vlta-
va river valley, the upper step in the adjacent part of the
middle course (Figure 6). A thick accumulation of sed-
iments underlies the IIIrd (Chabefice) terrace surface
downstream of the later step, expressing an extraordinary
thickness of about 25 m (Figure 7). A subsidiary level,
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Fig. 6 The long profile of river terraces and Neogene sediments of the Sdzava between Havli¢kiv Brod and its confluence with the Vitava
valley (exaggeration: x 300), with marked localities of planation surfaces (adapted from Balatka, Kalvoda 2008, 2010).



70  AUC Geographica

Fig. 7 Part of an abandoned
valley of the Sazava river is
near Chabefice village infilled
by sediments of terrace Ill up
to 25 m thick.

terrace IIIb (Buda Terrace, Table 1), with its surface of
about 8 m lower than that of terrace IIIa and 30 m above

the water level, was formed in alluvial deposits of this
Chabeftice Terrace.

The Sazava valley includes several geomorphologi-
cally remarkable characteristics (Balatka, Kalvoda 2010;
Balatka et al. 2010a, b): a) reaches with closed transverse
profile alternate with wider to vale parts; b) the highest
planation surfaces of the etchplain and pediplain-type
are situated mostly at 140-190 m above the river sur-
face. Lower levels of denudational plateaux are situated
at relative heights mostly between 90 and 130 m, and that
in two to three height levels situated in the largely open-
vale valley depression; ¢) margins of rare straight valley
reaches displaying the levels of Quaternary downcutting
are situated mostly at 60-85 m (rarely at 40 m) above the
present river valley surface.

The beginning of the lower Zelivka valley evolution
began in the Neogene, mostly the Miocene, by sedi-
ment accumulations which are found in the area of the
Zelivka-Sézava interfluve as well as in the wider neigh-
bourhood of Lede¢ nad Sézavou and Zru¢ nad Sazavou.
The main relicts of these Miocene sediments fill shallow
depressions which follow the direction of the Zelivka val-
ley. The recent valley of the Zelivka river was probably
developed in the Pliocene as a wide vale-shaped depres-
sion. The intense erosional processes of the Zelivka valley
deepening occurred during the Quaternary. The process-
es themselves reached their highest activity in the ero-
sional stage between the evolution of the IInd and IIIrd
accumulation terraces when the valley was significantly
deepened by about 25-30 m. The huge accumulation
of the IIIrd (Soutice) Terrace, which is similar to the
Chabeftice Terrace of the middle Sdzava, was formed in
the lower Zelivka valley (Table 1).

During the erosional stage following the evolution of
the IInd terrace the Zelivka valley was deepened to a level
of 5-8 m above the present water surface and in the fol-
lowing accumulation stage the river-bed was elevated by
an aggradation of about 10-23 m above the base of the
IIIrd terrace. The depressions of the pronounced valley
meanders and bends were mainly filled by this aggrada-
tion. The depressions were formed in the period following
the formation of the Ist and IInd terraces. These depres-
sions are probably related to downward movements of
tectonic origin in the area of the lower Zelivka River in
the wider neighbourhood of a morphostructural contact
between the Ceskomoravskéa vrchovina Highland and
the Stfedoceska pahorkatina Upland. The oldest, highest
terraces in the central part of the Bohemian Massif are
encountered only very sporadically in small patches, and
above the margins of the valley incisions.

In the lowermost part of the Sdzava course, the ITIrd
terrace is encountered above the limit of valley margin.
Here, the gradient line of the IIIa level is largely diverges
from that of the modern river, from 30 m at the begin-
ning of the gradient step to 75 m in the Sazava - Vltava
confluence area downstream (Figure 6). The surface of
the terrace has a constant gentle inclination and its thal-
weg in the lower course had probably an increased slope
that was being progressively levelled by accumulation
that progressed upstream from the Vltava valley. When
the terrace was formed, more sediment must have filled
the gorge reach of the present valley, but during following
erosional stages these sediments were removed.

Reconstruction of the course of the IIIrd terrace in the
longitudinal profile and the relation of this level to the
Vltava terrace system has shown that the IIIrd terrace is
the best-protected accumulation landform in the river
valleys studied. Therefore, it has crucial significance for
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understanding of the evolution of the Sdzava and Zelivka
terrace system, as well as for its stratigraphical correlation
with Quaternary landforms and sediments in the Bohe-
mian Massif. It is suggested that the Chaberice (IIIrd)
Terrace is the stratigraphical equivalent of the Vltava
terraces IIIA (Kralupy) and IIIB (Vinohrady, cf. Table
1), which also locally form an uniform accumulation. In
comparison to the lower Vltava terraces, the sediments
of the Chaberice Terrace (IIla) are more weathered (Fig-
ure 8) and thus undoubtedly older.

After the end of the accumulation of the IIIrd terrace,
the valley bends and meanders were abandoned in sev-
eral places (e.g. Figure 7), and a series of lower terrac-
es developed as accumulations in alluvial reaches of the
valleys during a significant stage of long-term erosional
valley deepening. Some of these levels could be marked as
erosional or incised features in the IIIrd terrace deposits
(terrace IIIb, alternatively IVth terrace). River-bed dislo-
cations and deep erosion were caused by changes in the
local erosional base during highly variable denudation,
erosion and accumulation processes. Changes in the
intensity of these morphogenetic processes in the central
part of the Bohemian Massif were related to neotecton-
ic movements and differing resistance of the bedrock as
well as with the changes of climatic conditions in the late
Cenozoic.

Correlation of the sequences described here to the
most recent global chronostratigraphical scheme for the
Quaternary (i.e. Gibbard, Cohen 2008; Gibbard at al.
2004, 2009) demonstrates, that the entire terrace system
in the central part of the Bohemian Massif corresponds
in large part to the Middle and Late Pleistocene, from
the “Cromerian Complex” to the Weichselian stages. The
erosional interval before accumulation of the Ist terrace
occurred at the end of the Early Pleistocene. Older levels

Fig. 8 Cryoturbated weathered
parts of Proterozoic greywacke
slates in an erosional slope
beneath the Sazava terrace

I on the right bank near the
confluence with the Vitava
river.

of fluvial sediments, occupying in the studied region an
even higher morphological position, and previously clas-
sified as Pliocene age, have thus been stratigraphically
shifted to the Early Pleistocene time.

It is suggested that the dynamics of fluvial processes
together with records about weathering, denudation and
erosion, should be studied. These processes are connected
with reconstruction of the large area of sedimentation of
transported material.

4. Conclusions

The major features of the erosional and denudational
history of the valleys in the central part of the Bohemi-
an Massif are presented in relation to climate-morpho-
genetic and neotectonic processes during the Cenozoic.
Fluvial sediments and related accumulation landforms in
the Zelivka, Sazava, Vltava, Berounka and Labe valleys
are preserved as extensive river terrace systems. Geomor-
phological analysis of late Cenozoic fluvial sediments pre-
served in the central part of the Bohemian Massif con-
firm that in total seven main terrace accumulations with
several secondary levels can be differentiated (Table 1).
In the Early Pleistocene, the Vltava river and its tribu-
taries were freely meandering in shallow valleys formed
on Neogene planation surfaces. The relative height of the
oldest fluvial terraces above the present-day bottom of
river valleys in the central part of the Bohemian Massif
exceeds 100 m which indicates the approximate depth
of Quaternary erosion. Important changes in the fluvial
network occurred with significant manifestations of epi-
genetic and antecedent evolution of river valleys through
deep, lateral and backward erosion. An estimation of the
values of the antecedent deepening of the river network



72 AUCGeographica

in the late Cenozoic, based on the position of relics of
fluvial accumulation terraces, suggests that the rate of
downward erosion probably reached its maximum in the
younger part of the Middle Pleistocene.
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RESUME

Morfostratigraficka korelace Ficnich teras stredni casti Ceského
masivu s evropskou stratigrafickou klasifikaci kvartéru

Ri¢ni terasy Zelivky, Sizavy, Berounky, Vltavy a Labe maji ve
stiedni ¢asti Ceského masivu rozmanitou strukturu, kterd vznika-
la specifickymi morfostrukturnimi a hydrodynamickymi proce-
sy pri vyvoji udolni sité¢ v mlad$im kenozoiku. Geomorfologicky
vyzkum relikttl fluvidlnich sedimentt v téchto tdolich umoznil
rozli$it sedm kvartérnich akumulaénich teras (Tabulka 1) a dvé
urovné fluvidlnich a fluvio-lakustrinnich sedimentt neogenniho
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stari. Relikty pfedkvarternich uloZenin se vyskytuji az 135 m nad
soucasnymi dny F{¢nich Gdoli stfedni ¢asti Ceského masivu. Ero-
zivni zahloubeni této antecedentni a epigenetické fi¢ni sité bylo
podminéno neotektonickymi zdvihy a béhem kvartéru dosahlo
vice nez 100 m. Charakteristické zakleslé meandry a ohyby fi¢nich
udoli vznikaly prevazné ve sttednim pleistocénu. Podle sou¢asného
statigrafického ¢lenéni kvartéru se systém ri¢nich akumula¢nich
teras v tidolich stiedni ¢4sti Ceského masivu vytvoril zejména ve
sttednim a mladém pleistocénu, a to od Cromerského komplexu do
Viselského obdobi. Erozni procesy pred vznikem fi¢ni akumulaéni
terasy I probihaly koncem starsiho pleistocénu. Je také ukazano,
ze dynamiku fluvidlnich procesti je vhodné studovat ve vztahu ke
zvétravani, denudaci, erozi a svahovym pohybim v kvartéru.





