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uplift of the central part of the Bohemian Massif. — Geografie-Sbornik CGS, 113, 3, pp.
205-222 (2008). — Fluvial sediments in the Vltava, Berounka, Sdzava and Labe valleys are
preserved as extensive river terrace sequences. These accumulation terraces originated
from an interaction of climate-morphogenetic and neotectonic processes in the late
Cenozoic. The palaeogeographical history of the central part of the Bohemian Massif is
described. Geomorphological analysis of late Cenozoic fluvial sediments preserved in the
Bohemian Massif confirm that in total 7 main terrace accumulations with several
secondary levels can be differentiated. A chronostratigraphical scheme of erosion and
accumulation periods and their relations to variable uplift rates in the late Cenozoic is
suggested. The relative height of the oldest fluvial terraces above the present-day bottoms
of river valleys is more than 100 m which indicates the approximate depth of erosion in the
Quaternary.
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Introduction

The record of river terraces and related fluvial deposits along the Labe and
Vltava rivers in Czechia is traditionally used as the basis for the Quaternary
stratigraphy of the region. It is also realised that the terrace system, which is
widespread along the major rivers, has developed its form because of uplift of
the region. When studying the terrace system and evolution of river valleys,
the following procedures have been applied (Balatka, Sladek 1962a, b;
Balatka, Louékova 1992; Balatka, Kalvoda 1995): a) evaluation of the existing
regional literature, b) analysis of longitudinal profiles of rivers, c) a detailed
geomorphological survey of valleys, d) reconstruction of river terraces in both
long and transverse valley profiles, e) fitting the established terrace system in
the studied valley into the regional terrace system; f) an outline of the main
stages of the valley evolution during the Upper Cenozoic. The results of
geomorphological research allow one to establish the longitudinal profiles of
fluvial terrace accumulations and Neogene sediment localities, the structure
of transverse profiles of river valleys and important occurrences of planation
surfaces (e.g. Zaruba et al. 1977; Tyrac¢ek 2001; Tyracek et al. 2004; Balatka,
Stépanéikova 2006; Balatka 2007). Moreover, the downvalley profiles
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demonstrate the positions of pronounced valley margins of straight valley
reaches.

Problems of late Cenozoic evolution of the Labe valley in Saxony in relation
to Neogene sediments, fluvial terraces and deposits of continental glaciations
were explored by German authors at the end of the 20th century (e.g.
Eissmann 1975, 1995; Wolf 1980). A correlation with the terrace system of the
Labe in the Czech territory has also been suggested (Eissmann 1997; Wolf,
Schubert 1992; Tyradek et al. 2004). In the same period, attempted
comparisons of the river terraces and evolution of valleys in the Bohemian
Massif and the Carpathian region was published (Zeman 1974, Balatka
1992). Analysis of the structure of main terrace systems of the eastern margin
of the Bohemian Massif and the western part of the Carpathian region
indicated the existence of 12 river terraces and levels of fluvial sediments.
From these accumulation landforms are 6 higher terraces of Pliocene age
(70-120 m above river level) and the surface of the oldest Quaternary terrace
is documented 60 m above present-day valley bottoms.

In this paper, the main features of the palaeogeographical history of the
central part of the Bohamian Massif are presented in relation to global
climatic changes and neotectonic processes during the Cenozoic. Sedimentary
and morphological records of the evolution of antecedent valleys and river
accumulation terraces in the central part of the Bohemian Massif are
correlated with regional chronostratigraphical stage divisions of the
Quaternary.

Palaeogeographical history of the central part of the Bohemian
Massif

Variscan orogenetic processes shaped the Bohemian Massif as a
structurally complicated unit, the central part of which is formed by collision-
deformed and metamorphosed crystalline rocks of the Moldanubicum (Buday
et al. 1961, Chlupaé et al. 2002). In the late Permian, the relief of the central
part of the Bohemian Massif had the appearance of a post-Hercynian
planation surface denuded in a semi-arid and very warm climate. Continental
Triassic sediments are of kaolinitic type, which gives evidence of warm and
wet climate. The Jurassic sea in the Bohemian Massif was a narrow and
shallow strait connecting the German and Carpathian seas. During the
Cretaceous, intensive weathering under a humid tropical climate resulted in
the origin of a thick tropical mantle of kaolinitic and lateritic regoliths
(Demek 2004). The altitude of this planation surface was up to 200 m above
sea level. The post-Hercynian planation surface was covered by kaolinitic and
lateritic regoliths and it is situated beneath the Upper Cretaceous sediments
of the Bohemian Cretaceous Basin (e.g. Engel, Kalvoda 2002). The uplift of
the Bohemian Massif at the end of the Santonian resulted from the ongoing
Alpine and Carpathian orogenesis and marked the retreat of the Upper
Cretaceous epicontinental sea.

Neotectonic rejuvenation of the Bohemian Massif occurred during the
Laramide faulting phase some 65 million years ago. The Bohamian Massif
was uplifted and a system of graben structures and diagonal tectono-volcanic
zones was formed. At the beginning of the Tertiary, the climate in the
Bohemian Massif was humid and tropical, with a mean annual temperature
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of up to 26 °C and a
mean annual rainfall
of 2,000-3,000 mm
(Malkovsky et al.
1985). In the Oligocene
the temperature fell to
16 °C with a climate of
savannah type with
dry winters, and a
very dry climate
prevailed also in the
Middle Oligocene. The
late Oligocene was
characterised by a
permanently wet and
warm climate, with
subtropical rain

. IToTe - : forests spreading and
Fig. 1 — Neovolcanic hill of Rip (461 m) is composed by a YA :
selgectively denuded nephelinitic%i;treme.)lt is surl;oundedyby remalnlng. until  the
the Quaternary system of river accumulation terraces in a Middle Miocene. The
larger area of the Labe and Vltava revers confluence. Photo planation surface was
B. Balatka. already developed

before the Oligocene.
This is evidenced by duricrust relics in western and central Bohemia (Demek
2004). At the end of the Oligocene, planation of the relief of the Bohemian
Massif was interrupted by tectonic movements (e.g. Malkovsky 1979, Ivan
1999, Chlupécé et al. 2002), accompanied in its western and northwestern part
by volcanic activity 35—-17 million years ago (Fig. 1).

The initial impulse towards the morphographical distinctiveness of
geomorphological units was given in the Lower Miocene (Aquitanian to
Burdigalian), when tectonic disintegration of the planation surface
occurred. The granular character of some fluvial and lacustrine sediments
from that time shows that certain morphostructural units were already
quite distinctive. The progressive subsidence of the southern and
southeastern parts of the Bohemian Massif in the Middle Miocene enabled
the sea to penetrate into these regions (Malkovsky 1975, 1979).
Depressions in the region of the Ohie rift and differential movements of the
main fault zones in the Bohemian Massif were also morphotectonically
significant. Moreover, the evolution of the relief of the Bohemian Massif
was influenced by two neotectonic stages of volcanic activity in the late
Miocene (between 9.0 and 6.4 Ma) and from the late Pliocene to the
Pleistocene (between 3.0 and 0.17 Ma, Wagner et al. 1998). The granular
character of Pliocene river sediments is similar to those of Lower
Pleistocene terrace deposits which indicates that the orographic situation
of the Bohemian Massif was roughly similar to that of today (Balatka 2006;
Kalvoda, Balatka 2006). Neotectonic movements (mainly uplifts) and
erosional-denudational processes in the Quaternary only emphasized the
morphographical features of geomorphological units.

During the early Miocene, a tropical humid climate with dry periods
prevailed in the Bohemian Massif, which later changed to a subtropical wet
climate in the late Miocene. Periods of humid climate in the Neogene were
characterised by very extensive erosion and denudation of the kaolinitic and

207



lateritic weathering mantle,
down to the basal weathering
surface. Since the end of the
intensive volcanic activity at
the end of the Lower Miocene
a “post-volcanic” planation
surface developed. It was
formed under warm, per-
manently wet or, in some
seasons, humid climatic
conditions from the Middle
Miocene, through the whole
Pliocene period (5.3—2.6 Ma)
to the lowest Early Pleisto-
cene. The morphostructural
features and the internal
differentiation of this plana-
tion surface of Neogene age
were dependent on the rock
resistance to weathering

Fig. 2 — Antecedent valley of the Labe river near ‘{nder o tropical or subtro-
LitoméFice town is cut through an uplifted horst of Pical climate.
crystalline rocks which is an underlier of neovolcanic In the Oligocene and the
rocks in the Ceské stiedohoii Low mountain range. Miocene, the main European
Photo B. Balatka. watershed  between  the
epicontinental sea in the
north-west and the basins of the Para-Tethys in the south-east crossed the
Bohemian Massif approximately along the north-western margin of the
central Bohemian pluton, then turned to the northern part of the
Ceskomoravska vrchovina Highlands, and from there it continued to the
north (Chlupéaé et al. 2002). The oldest indications of the disposition and
changes of the river network of the Bohemian Massif are preserved in the
sedimentary record of the Miocene. In the Middle and late Miocene, southern
Bohemia was still drained to the south, which is corroborated by both relics
of fluvial and lacustrine sediments and secondary finds of river-transported
moldavites in the adjacent part of Austria. The period of their impact is
radiometrically dated as 14.3 million years. In the late Cenozoic, the
regionally differentiated tectonic uplift and changes of the European climate
are the evolution of the fluvial network of the Bohemian Massif. Important
changes in its overall system occurred with significant manifestations of
epigenetic and antecedent evolution of river valleys (Fig. 2) through deep,
lateral and headward erosion, as well as related reconstruction of the large
area of fluvial sedimentation.

River terraces related to uplift of the Central Bohemia during the
Quaternary

The reconstruction method adapted in characterising the terrace system
was based on the assumption that the main terrace elements, i.e. the base-
level and the topographic surface, form stable gradients of their long profiles
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Tab. 1 — Chronostratigraphical correlation of river terraces in the central part of the
Bohemian Massif related to North West Europe stratigraphical stages of the Quaternary

Regional stratigraphical | SAZAVA BEROUNKA | VLTAVA-LABE | VLTAVA | VLTAVA and
stage/substage divisions | Balatka, Balatka, confluence area Zaruba et | LABE system
of the Quaternary Stépanéikovd, | Louckova Balatka, Sladek al. (1977) | Tyrécek (2001),
(Gibbard et al. 2004) (2006); Balatka | (1992) (1962) Tyracek et al.
(2007); Kalvoda (2004)
(2007a)
Late Pleistocene Pikovice Terrace| Lipence Hostin Terrace Maniny | Maniny Terrace
Weichselian (VII) Terrace (VIIa) | (VIIa, b, c, d) Terrace | (Weichselian)
Dobiichovice (VID) Hostin 1
Terrace (VIIb) Terrace
Middle Pleistocene Poriéi Kazin Mléechvosty Veltrusy | Veltrusy
Saalian (Warthe) Terrace (VI) Terrace(VI) Terrace (VIa, b, c) | Terrace Terrace
(VD) (Warthe)
Middle Pleistocene Méstecko Liblin Citov Terrace Dejvice Dejvice 1 and 2
Saalian (Drenthe) Terrace (V) Terrace (Va) (Va, Vb) Terrace Terrace
Pouénik (%] (Drenthe)
Terrace (Vb)
Middle Pleistocene Tynec Zbraslav Hnévice Hill Letna Letn4 Terrace
Saalian (Fuhne) Terrace (IV) Terrace (IVa) | Terrace (IV) Terrace | (Fuhne)
Hyskov vy
Terrace (IVb)
Middle Pleistocene Buda Terrace Srbsko Vinohrady | Vinohrady
Elsterian (IIIb) Terrace (IIIb) | (IIb) Terrace | Terrace (Elster)
(IIIB)
Middle Pleistocene Chabetice Tetin Straskov Terrace Kralupy | Kralupy
Cromerian complex Terrace (I1a) Terrace (ITla) | (Illa) Terrace | Terrace
(Glacial c) (IT1A) (Cromerian C)
Middle Pleistocene Cesky Sternberk| Pohotelec Led¢ice Terrace (II) | Pankrdc | Pankrac
Cromerian complex Terrace(Il) Terrace (Ila) Terrace | Terrace
(Glacial c) Hlince Terrace (I (Cromerian C)
(ITb)
Middle Pleistocene Hvézdonice Revnice Suchdol | Suchdol Terrace
Cromerian complex Terrace (Ib) Terrace (Ib) Terrace | (Cromerian B)
(Glacial b) IB)
Middle Pleistocene Stiechov Skryje Krabtice Terrace (I) | Lysolaje | Lysolaje
Cromerian complex Terrace (Ia) Terrace (Ia) Terrace | Terrace
(Glacial a) (1A) (Cromerian A)
Early Pleistocene Rovné Terrace Rovné
Bavelian (Dorst) Terrace (Dorst)
Menapian Vraz Terrace
(Menapian)
Early Pleistocene Niveau B Niveau B Zdiby Zdiby Terrace
Eburonian — Menapian | Radvanice Stadium | (Eburonian —
(Pliocene) | Menapian)
Early Pleistocene Stiibrniky
Tiglian Terrace (upper
Tiglian)
Neogene Niveau A Niveau A Klinec
Bojisté Stadium
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corresponding to the so-called equilibrium profile. Under these conditions, the
mean water volume of the stream is in equilibrium with its transportation
capacity and the river neither erodes nor accumulates sediment but applies
all its energy to the transfer of transported material (Novdk 1932; Krejéi
1939; Zaruba-Pfeffermann 1942; Zaruba et al. 1977). The equilibrium state
may be disturbed by differentiated tectonic movements and discharge
oscillation, also by an increased quantity of transported matter brought to the
river by intensive cryogenic processes during the Pleistocene. Then a huge
accumulation (so-called “climatic aggradation”) occurred and the channel
occupied a new equilibrated profile. Formation of huge aggradations was
largely influenced by marked steps in the gradient of the stream; these
represent the front of backward erosion which proceeded upstream during the
valley downcutting phase. They also represent places reached by the
accumulation stage of the respective terrace.

The oldest river terrace accumulations in central Bohemia are situated
above the margins of the canyon-like valleys of the Vltava, Berounka and
Sazava Rivers (e.g. Zaruba et al. 1977, Kovanda et al. 2001). Relics of Miocene
gravels and sands at the Sulava locality, near Radotin town have their
surface lowered by erosion at 358 m a. s. l. and their base at 314 m a. s. 1., i.e.
163 m or 119 m above the Berounka level. Other relics of these sediments of
Miocene and Pliocene ages are recorded from the neighbourhood of Slivenec,
near Suchomasty and on Bila Hora (380 m a. s. 1.). The surface of Early
Pleistocene sands and gravels up to 40 m thick, between Kobylisy and Sedlec
on the Zdibska plosina Plateau, is situated at 300 to 325 m a. s. 1., i.e. 125 to
150 m above the Vltava level, and 35-60 m below the Ladvi touchstone ridge
(359 m a. s. 1.). Northwards from these Pliocene spreads on the Zdibska
plosina Plateau, up to 20 m thick sediments (with their surface 112 m above
the Vltava level) are present, dating, within the so-called Lysolaje group of
terraces, from the Pleistocene (for stratigraphical positions see Tab. 1). They
also include rounded pebbles and boulders of crystalline rocks from the
regions of Kutna Hora, Ri¢any and Koufim towns (Zaruba-Pfeffermann 1941).

In the Early Pleistocene, the Vltava and its affluents were still freely
meandering in shallow and large valleys formed on Neogene planation
surfaces. Even as late as in the Middle Pleistocene, the lower limit of which
is the Matuyama / Brunhes palaeomagnetic boundary 780,000 years ago, new
terrace steps were being progressively formed (70 to 100 m above the present
water courses) together with a relatively rapid epigenetic and antecedent
deepening of the river network. For example, the Suchdol Terrace is situated
up to 2 km west of, and 96 m above the Vltava valley (Tab. 1).

The Straskov (IIIb) Terrace of Balatka, Sladek (1962a, b) is now ca 70 m
above the Vltava river near Racinéves in the neighbourhood of Rip mountain.
It is described by Tyraéek (2001) as the Straskov 2 Terrace and as an
equivalent of the Vinohrady Terrace in Prague (Tab. 1). During aggradation
of the Straskov 2 Terrace, the Vltava flowed west of the Oligocene — Miocene
volcanic neck of Rip, subsequently diverting to its present-day position east of
Rip. The fluvial deposits of the Stragkov Terrace are comprised of a coarse
lower unit and a finer upper unit (Tyracek et al. 2004). It is overlain by loess
and slope deposits that include palaeosols representing probably two warm
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
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Fig. 3 — Position of river accumulation terraces in the Vltava valley between mounths of the
Sazava and Berounka rivers (adapted from Balatka, Stépanéﬂ{ové 2006 and Balatka 2007).
Stratigraphical correlation of accumulation terraces are demonstrated in Table 1.

molluscs and archaeological material.

The Vltava terrace sequence (Fig. 3) can be subdivided longitudinally into
two reaches. Downstream of its confluence with the Sdzava river the terraces
are subparalled to each other and to the modern channel gradient of ca
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Fig. 4 — Cross-section through the Suchdol Terrace of the Vitava river (near Unétice) of the
Pleistoce age (adapted from Zaruba et al. 1977 and Tyracek et al. 2004). Explanations: K —
Proterozoic lydite, 1 — gravel of the Suchdol Terrace, 2 — floodplain clay, 3 — calcareous
channel deposits, 4 — brown decalcified floodplain soil, 5 — grey freshwater marl, 6 — dark
humic gley soil intercalation, 7 — rusty brown gley soil intercalation, 8 — slopewash derived
from Cretaceous sandy limestones, 9 — clayey slopewash, 10 — loose calcareous tufa, 11 —
slopewash containing Cretaceous debris, 12 — debris of Proterozoic lydite, 13 — loess, 14 —
parabraunerde soil, 15 — reworked older chernozem, 16 — post-glacial chernozem soil, 17 —
possible magnetostratigraphical boundary of Matuyama and Brunhes chrons (after
interpretation by Zaruba et al. 1977).

0.4 m.km-1. Further upstream, the channel gradient is more variable, but
typically steeper than the terraces, which thus converge towards the source of
the river (Balatka, Slddek 1962a). An estimation of the values of the
antecedent deepening of the Vltava river according to the position of relics of
river accumulation terraces is influenced by a series of uncertainties such as
terrace surfaces being irregularly lowered by erosion (comp. Fig. 4) and
destruction of their base. However, the results of the estimation are an
example of the dynamics of fluvial incision into bedrock and the
transportation of weathered material in the region of central Bohemia during
the Quaternary (Kalvoda, Balatka 2006): a) Middle Miocene to Pliocene: rate
of deepening about 2-4 cm/1,000 years, b) Early Pleistocene:
6-12 c¢m/1,000 years, c) the younger part of the Middle Pleistocene:
6-8 cm/100 years, d) a part of the Late Pleistocene (40 to 20 ka):
2—4 ¢m/1,000 years, e) Holocene: mostly recycling of gravels, sands and slope
accumulations in the valley bottom. The rate of downward erosion of the
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Vltava probably reached its maximum of between 6 and 10 cm/100 years at
some time during the Middle Pleistocene (Kalvoda, Balatka 2006; Kalvoda
2007a, b).

The deepening of the river network in the late Cenozoic is also indicated by
landform evolution in the area of the regional base level of erosion of the
Bohemian Massif (respectively of the Ceskad vyso¢ina Highlands), i.e. in the
Dééinska vrchovina Hilly Land. Between Dé&éin and H¥ensko, erosion by the
river Labe reached at least 50 m in the Pliocene and 180-200 m in the
Quaternary (Balatka, Kalvoda 1995; Kalvoda, Balatka 1995; Kalvoda et al.
2004). Besides the system of river accumulation terraces, wind-blown sands,
loess loams and loess (e.g. Demek et al. 1965, Czudek 1997) provide valuable
sedimentary evidence of the evolution of landforms in the Quaternary
(Figures 1 and 4). They have survived in a stratigraphically significant
thickness in depressions or on lower plateaux of the Ceska vysoéina
Highlands.

A very important secular process related to the dynamics of fluvial events
in the Quaternary is the oscillation of the surface of oceans due to climatic
changes. An example from the Late Pleistocene of the recent geodynamics of
the European area may be the difference of levels of the world ocean between
the Eemian interglacial stage and the Vistulan glacial. In the Eemian
(130,000-116,000 years ago), the ocean flooded the English Channel and, on
the contrary in the Vistula glacial (60,000-13,000 years ago), when the
Scandinavian continental ice sheet moved to the Berlin region 28,000 years
ago, the level of the world ocean was about 120 m lower than it is today.

Sazava valley evolution: an example of the interaction of
neotectonics and climate changes during the late Cenozoic

The Séazava valley was formed by integration of several Miocene individual
catchment areas with different drainage directions accomplished by captures.
According to Novak (1932), these were the western part of the upper course
orientated from Svétla nad Sdzavou northwards in the direction of the today’s
Sazavka, Zelivka and Blanice rivers directed as individual streams to the
middle Labe region and to the lower course basin either northwards or
westwards to Klinec and lower Berounka (Malkovsky 1975).

The genesis and structure of the terrace system and valley evolution within
the 225 km longitudinal profile of the stream was largely influenced by two
marked steps (bends) of increased water surface incline (Figures 5 and 6): the
upper one in the Melechov granite massif (between the river kilometres 139.5
and 135.4) and the lower one (river kilometres 18-5). While in these reaches
the mean gradient is 5.7 %0 and 3.9 %o respectively, the 108 km long reach
between two steps shows a mean gradient of only 0.88 %. (Balatka 2007). The
incline in the reach upstream of the Melechov step is also constant (between
river km 168-135 in average 1.3 %o). This upstream reach is situated in a
hanging position (approximately 25 m) above the valley bottom of the middle
course.

Danes (1913) introduced the concept of a Central Bohemian Oligocene
peneplain and suggested the possibility of drainage of the middle S4zava to
the north, in the direction of Koutim. The fundamental paper on terraces and
both valley and catchment evolution is the monograph by Novak (1932),
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Fig. 5 — The longitudinal profile of the Sdzava river terraces between Havlickiv Brod and
Cesky Sternberk (adapted from Balatka 2007). Explanations: Bedrock (1-6): 1 —
Moldanubic paragneiss and migmatites, 2 — Moldanubic paragneiss with amphibolite body,
3 — metamorphosed volcanites of the Jilové Zone and metamorphosed Upper Proterozoic
rocks, inclusive insular zone: rhyolites, dacites, andesites, bazaltes, amphibolite slates and
hornstones, 4 — metamorphosed Upper Proterozoic rocks: siltstones, slates and greywackes,
5 — Upper Palaeozoic Plutone: granite, granodiorites, tonalites and diorites, 6 — Ordovician
slates, greywackes and sandstones; A, B — Neogene sediments, I-VII — Quaternary terraces
( — — surface, — base), = valley edges, n — surface of flood plain, h — river level, | —
boreholes.

which was accepted by Zaruba, Rybar (1961). These models proved the
existence of relics of abandoned Pleistocene valley reaches filled by up to 25 m
of terrace sediments in the larger neighbourhood of Zrué nad Sédzavou.
Today’s Sdzava valley was probably initiated in the Pliocene as a result of
tectonic movements of anticlinal and synclinal character (Moschelesova
1930), which interrupted the original Tertiary drainage of the basin to the
north (Novak 1932). If the Lower Miocene Sazava (with Zelivka) flowed from
the Melechov ridge already westwards, it captured the upper part of the
valley to its course probably at the turn of the Miocene and Pliocene. Valley
meanders and bends, characteristic for parts of the middle course of the
Sazava river, were formed probably as bends on the bottom of the Pliocene
wide valley. The present landforms appeared during a phase of Quaternary
deepening of the valley, mainly by the development of larger bends with
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Fig. 6 — The longitudinal profile of the Sdzava river terraces between Cesky Sternberk and
the confluence with the Vltava river (adapted from Balatka 2007). For explanations see
fig. 5.

terraces. The valley meanders with a narrow neck, indicate only small shape
changes, with the exception of the most exposed extreme parts of concave
scarps.

In the Sazava valley, seven main terrace surfaces with several secondary
surface levels have been distinguished. The genesis and structure of the
terrace system and the valley evolution were influenced by two pronounced
incline steps of the river surface — the upper in the middle course and the
lower in the lowermost course just before its junction with Vltava River
(Balatka 2007). These incline steps caused huge fluvial accumulation in the
lower reaches: the lower step mainly in the Vltava River valley, the upper
step in the adjacent part of the middle course. Downstream the upper step (in
the Melechov granite massif) a huge accumulation (aggradation) of sediments
underlying the IIIrd (Chabefice) terrace was formed (Fig. 5) which, because of
its extraordinary thickness of about 25 m, levelled to this incline step.

The Sédzava valley includes several remarkable geomorphological
characteristics (Balatka, Sladek 1962a; Stépancikovd 2003; Balatka,
Stépanéikova 2006; Balatka 2007): a) reaches with closed transverse profiles
alternate with wider vales; b) the highest planation plateau surfaces of
etchplain and pediplain type are situated mostly at 140-190 m above the
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river surface. Lower levels of denudational plateaux, generally of smaller
dimensions, are situated at relative heights of mostly between 90 and 130 m,
and that in two to three height levels situated in the largely open vale valley
depression; ¢) upper edges of canyon-like valley reaches displaying the levels
of Quaternary downcutting are situated mostly at 60—85 m (rarely at 40 m)
above the present river surface.

Relics of Miocene sediments are found in two areas of the planation relief,
i.e. in the morphostructural depressions of the Sdzava — Zelivka interfluve
and the Sazava — Labe watershed. They represent relics of accumulation fills
of old river channels as well as denudational relics of areal cover. They are
fluvial to fluvial-lacustrine sediments, about 10 m thick, situated above the
canyon-like valley cutting, with their surface at 110-135 m above the river
(prevailing level A). Their present occurrences demonstrate either Sazava
drainage from the Sdzava town to the north (Novak 1932), or, according to
Malkovsky (1975, 1976; 1979; LozZek et al. 2004), Neogene drainage to the
west, i.e. in the direction of the present course. Largely oscillating absolute
heights of Neogene localities in the Sazava — Zelivka interfluve could indicate
their smaller tectonic disturbance reaching about 20 m.

Lower localities situated near the Sazava Town and upstream the
confluence with the Blanice situated along the valley cutting belong
undoubtedly already to the drainage in the present direction, i.e. to the west.
Neogene sediments near dJesenice, southward from Prague, filling deep
channels near the Sazava — Vltava watershed (Kovanda et al. 2001) indicate
traces of drainage of the lower Sdzava catchment to the north. It is indirectly
proved also by the prevailing meridional orientations of Sdzava tributaries in
the larger neighbourhood. A great elevation above the distant Sazava level
(over 185 m) can be most likely explained by a slight anticline vaulting of the
area of the present watershed above the synclinal depression in the localities
of the Sazava valley (Moschelesova 1930).

The oldest and highest, mostly Early Pleistocene terraces are maintained
only very sporadically in small occurrences, and that above the edges of the
valley incision. The relative height of the highest terrace Ia (60 to 105 m)
indicates the approximate extent of the Quaternary erosion of the Sazava
middle and lower course (Fig. 6). The IIIrd terrace group is the most
significant set of fluvial landforms in the terrace system of the Sazava River
both in occurrence and thickness of sediments. Under the Melechov incline
step there occurred huge accumulation of sediments of the IIIrd terrace
which, in an unparallel thickness of about 25 m, levelled out this incline step,
so that the surface of this terrace was probably continuously aligned parallel
to the valley bottom (floodplain) above this step. The erosional stage before
the beginning of accumulation of sediments of the IIIrd terrace stopped near
the level of the present water surface. It follows from this that the Sazava
valley under the Melechov step was deepened already at that time nearly to
its present level.

In the valley downstream the Melechov incline step there have formed in
the middle course extraordinarily thick accumulations of sediments of the
IIIa terrace (Chabetice Terrace, up to 25 m), maintained in their total
thickness in shorter abandoned valleys because of channel dislocation during
the highest accumulation level (Fig. 5). In alluvia of this Chabe¥ice Terrace,
there was formed a lower erosional terrace IIIb (Buda Terrace, comp. Tab. 1)
with its surface about 8 m lower than the surface of the IIla terrace and 30 m
above the water level.
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The predominantly sandy deposits of the Chabetice Terrace indicate the
generally constant incline conditions during the terrace sedimentation, with
the exception of the beginning of the accumulation, when a higher incline of
the channel at the terrace base-level resulted in accumulation of coarser
gravels. In a 15 km long reach under the Melechov incline step, thicker
deposits than those of the IIla terrace were not found, as well as in the nearly
100 km long reach of the middle and lower course. It is suggested that the
surface of the IIla terrace is bound to the Vltava’s Kralupy Terrace (Ib, or
ITIA) and its base-level could correspond to the bottom of the Vltava’s Karlovo
namésti Terrace — IIIb (Zaruba, Rybaf 1961). In comparison to the lower
Vltava terraces, the sediments of the Chaberice Terrace (IIla) are more
weathered and thus undoubtedly older.

In the lowermost part of the Sdzava course, the IIIrd terrace is maintained
above the valley cutting. The surface of the IIla step is largely divergent
downstream from approximately 30 m at the beginning of the incline step to
75 m in the Sazava — Vltava confluence area (Fig. 6). The surface of the
terrace has a constant gentle inclination and its base-level in the lower course
had probably an increased slope that was being progressively levelled out by
accumulation progressing from the Vltava valley. Accumulation of sediments
filled the furrow in the place of the present valley and during the following
erosional stage these sediments were removed. The localities of the IIIrd
terrace are represented by sediments from the final accumulation stage when
the river widened its valley by lateral erosion to both sides. This is also
indicated by minor thickness of sediments at these localities.

The slope steps have significantly influenced valley evolution, i.e. both in
the intensity of erosion, depth and the extent of fluvial sedimentation — i.e.
the course and position of main terrace elements in the longitudinal profile.
While the highest terraces (Ia, Ib, II) represented in the long profile a
constant course as incline steps still did not exist, the situation during the
formation of the IIIrd terrace was
more complex. The highest surface
of the IIIrd terrace (IIla) has also a
constant and gentle slope, and the
base-level of this terrace in incline
steps shows a clear convergence
upstream. Similarly, lower
terraces, mainly in the lower
incline step, show significant
convergence upstream, and in the
upper incline step the younger
terraces are mostly progressively
disappearing.

Incline steps of the water level as
well as of the valley bottom of the
Sazava represent fronts of waves of
retrogressive erosion progressing
' : upstream. The lower step was
L R formed an in erosional period
Fig. 7 - Deep valley of the Berounka river with hetween the IVth and the VIIth

a considerable fluvial plain originated in

Cambrian volcanic rocks of the Krivoklatska terrac? (ﬁ‘ ab. g ), th%upger .step W}E:S
vrchovina Highland at the beginning of the ©Ssentially —forme uring the
Neogene. Photo B. Balatka. erosional stage between the surface
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of the IInd terrace and the base-

level of the ITIrd terrace. Both steps

are conditioned lithologically, i.e.

by occurrences of more resistant
I rocks, the upper one probably also
o, tectonically.

Reconstruction of the course of
the IIIrd terrace in the longitudinal
profile and the relation of this level
to the Vltava terrace system (Fig. 3)
has a crucial significance for the
understanding of structural
dependence of the Sazava terrace
system, as well as for its
stratigraphical correlation with
Quaternary landforms and
: : 3 A sediments in the Bohemian Massif

= - ' (comp. Figures 7 and 8). Differently
Fig. 8 — Canyon-like valley. of the Ohfe river in  fr.om ™ Zdruba Ryba¥ (1961) who
granulitic gneisses of a peripheral region of the equated the ’terrace with a high

Tertiary stratovolcano of the Doupovské hory 3 g i
Mountains is also cut through the complex of thickness of sediments near Zrué¢

Pleistocene fluvial terraces. Photo B. Balatka. nad Sdazavou probably with the

lower Vltava terraces, it is supposed
that the corresponding Chabefiice (IIIrd) Terrace is the stratigraphical
equivalent to Vltava terraces IIIA (Kralupy) and IIIB (Vinohrady, comp.
Tab. 1) which locally form also a uniform accumulation.

Conclusions

The main features of palaeogeographical history of the central part of the
Bohemian Massif are presented in relation to global climatic changes and
neotectonic processes during the Cenozoic. Sedimentary and morphological
records of the Quaternary evolution of antecedent valleys and river
accumulation terraces in the central part of the Bohemian Massif are
correlated with regional chronostratigraphical stage divisions of the
Quaternary (Table 1). Fluvial sediments in the Vltava, Berounka, S4zava and
Labe valleys are preserved as extensive river terrace systems. These
accumulation terraces originated from an interaction of climate-
morphogenetic and neotectonic processes in the late Cenozoic.

Geomorphological analysis of late Cenozoic fluvial sediments preserved in
the Bohemian Massif confirm that in total seven main terrace accumulations
with several secondary levels can be differentiated (Table 1). A
chronostratigraphical scheme of erosion and accumulation periods and their
relations to variable uplift rates in the late Cenozoic is documented. The
oldest river terrace accumulations in central Bohemia are situated above the
margins of the canyon-like valleys. In the Early Pleistocene, the Vltava river
and its affluents 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 is more than 100 m which indicates the approximate depth
of erosion in the Quaternary. An estimation of the values of the antecedent
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deepening of the Vltava in the late Cenozoic according to the position of relics
of river accumulation terraces suggests that the rate of downward erosion of
the Vltava probably reached its maximum of between 6 and 10 cm/100 years
in part of the Middle Pleistocene.

Analysis of sediment transfers in the Quaternery environment was
concentrated on fluvial transport and sedimentation in relation to
neotectonics and climate changes in the Bohemian Massif. Important changes
in the fluvial network occurred with significant manifestations of epigenetic
and antecedent evolution of river valleys through deep, lateral and headward
erosion. These processes were also connected with reconstruction of the large
area of sedimentation of transported material. It is suggested to study the
dynamics of fluvial processes together with records about weathering,
denudation, erosion and mass movements.
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Shrnuti
VYVOJ KVARTERNICH RICNICH AKUMULACNICH TERAS VE VZTAHU KE ZDVI-
HU CENTRALNI CASTI CESKEHO MASIVU

Paleogeograficka historie centralni &asti Ceského masivu je popséna zejména s ohledem
na globalni klimatické zmény a neotektonické procesy v kenozoiku. Sedimentarni a morfo-
logicky zdznam vyvoje antecedentnich ddoli a ¥iénich akumulaénich teras je porovndn se
stratigrafickymi stadii kvartéru v Evropé. Fluvidlni sedimenty v ddolich Vltavy, Berounky,
Sédzavy a Labe jsou zachovany jako rozsdhly systém ¥i¢nich teras. Tyto akumulaéni terasy
vznikaly interakei klimato-morfogenetickych a netektonickych procest v mladsim kenozoi-
ku.

Geomorfologicka analyza fluvidlnich sediment mladsiho kenozoika potvrdila, Ze 1ze roz-
lisovat sedm hlavnich terasovych akumulaci s nékolika sekunddrnimi drovnémi (tab. 1). Je
navrZeno chronostratigrafické schema eroznich a akumulaénich obdobi a jejich vztaht k va-
riabilnim hodnotdm zdvihu v mlad$im kenozoiku. _

Nejstarsi #iéni akumulaéni terasy ve stfednich Cechéch jsou umistény nad okraji kato-
novitych ddoli. V nejstarsim pleistocénu Vitava a jeji pFitoky volné meandrovaly v mélkych
a Sirokych ddolich na zarovnaném povrchu neogenniho staii. Relativni vyska nejstarsich
fi¢nich teras nad souéasnym dnem ¥iénich ddoli centralni éasti Ceského masivu je vice nez
100 m, coz indikuje p¥iblizny rozsah hloubkové eroze ¥ek béhem kvartéru. Geomorfologic-
k4 stanoveni hodnot antecedentniho zahlubovani Vltavy v mlad$im kenozoiku, zejména
podle polohy a sedimentérni struktury relikta ¥i¢nich akumulaénich teras, svédéi o tom, Ze
hloubkova eroze této feky byla nejvyssi v é4sti stfedniho pleistocénu, a to mezi 6-10 cm za
100 let.

Analyza dynamiky pfemistovani sedimenti v kvartérnim p¥irodnim prostfedi byla za-
méiena na fluvidlni transport a sedimentaci ve vztahu k neotektonice a klimatickym zmé-
ndam v Ceském masivu. Byly prokdzany podstatné zmény charakteru ¥i¢nf sité€ s postupnym
epigenetickym a antecedentnim vyvojem tddoli. Tyto kvartérni procesy jsou zaroven spoje-
ny s rekonstrukei rozsdhlych oblasti sedimentace fekami transportovaného materidlu. Je
zdlraznéno, Ze komplexni vyzkum dynamiky fluvidlnich procesi vyZaduje také studium
procesu zvétravani, denudace, eroze a svahovych pohyba.

Obr. 1 — Neovulkanicka kupa Rip (461 m) z vypreparované nefelinitové diatremy je obklo-
pena kvartérnim systémem ¥i¢nich akumulaénich teras §irsi oblasti soutoku Labe
a Vltavy. Foto B. Balatka.

Obr. 2 — Antecedentni tdoli Labe u Litomé¥ic vyhloubené do krystalinické hrasti vyzdviZe-
ného podlozi neovulkanitt Ceského stfedoho¥i. Foto B. Balatka.

Obr. 3 —Poloha #iénich akumulaénich teras v udoli Vltavy mezi jejimi soutoky se Sdzavou
a Berounkou. Upraveno podle Balatky, Stépanéikové (2006) a Balatky (2007).

Obr. 4 — P¥i¢ény profil pleistocenni suchdolskou #iéni akumulaéni terasou Vltavy u Unétic.
Upraveno podle Zaruby a kol. (1977) a Tyracka a kol. (2004). Vysvétlivky: K — pro-
terozoické lydity, 1 — stérky suchdolské terasy, 2 — nivni jily, 3 — vapnité ¥iéni se-
dimenty, 4 — hnéd4 odvapnénd nivni puda, 5 — Sedy sladkovodni slin, 6 — vrstva
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tmavé humézni glejové pudy, 7 — vrstva rezavé hnédé glejové ptidy, 8 — proluvidl-
ni sedimenty se zvétralych k¥idovych pis¢itych vapenci, 9 — jilovité proluvium, 10
— zvétralé vépnité tufy, 11 — proluvium s drtémi k¥idovych hornin, 12 — svahové dr-
t& z proterozoickych lyditd, 13 — sprag, 14 — parahnédozemni ptida, 15 — alterova-
n4 fernozem, 16 — postglacidlni éernozem, 17 — pravdépodobné magnetostratigra-
fické rozhrani mezi chrony Matuayama a Brunhes (podle interpretace Zaruby et al.
1977).

Obr. 5 — Podélny profil ¥énimi terasami Sézavy mezi Havlitkovym Brodem a Ceskym

Sternberkem. Upraveno podle Balatky (2007). Vysvétlivky: skalni podlozi (1-6):
moldanubické pararuly a migmatity, 2 — moldanubické pararuly s amfibolitovym
télesem, 3 — metamorfované vulkanity jilovského pdsma a metamorfované svrch-
noproterozoické horniny véetn& ostrovni zény: ryolity, dacity, andezity, amfibolic-
ké biidlice a rohovce, 4 — metamorfované svrchnoproterozoické horniny: prachov-
ce, bfidlice a droby, 5 — svrchnopaleozoicky pluton: granity, granodiority, tonality
a diority, 6 — ordovické b¥idlice, droby a piskovce; A, B — neogenni sedimenty, I-VII
— kvartérni terasy (— — povrch, — baze), = erozni hrany tdoli, n — povrch ¥iéni nivy,
h — hladina feky, | — vrty.

Obr. 6 — Podélny profil ¥énimi terasami Sazavy mezi Ceskym Sternberkem a jejim wstim

do Vltavy. Upraveno podle Balatky (2007). Vysvétlivky viz obr. 5.

Obr. 7 — Hluboké ddoli Berounky s vyraznou ¥iéni nivou, vytvofené v kambrickych vulka-

nitech K¥ivoklatské vrchoviny, bylo zaloZeno jiZ na pod¢dtku neogénu. Foto B. Ba-
latka.

Obr. 8 — Kanonovité idoli Oh¥e v granulitovych ruldch periferni oblasti terciérniho strato-

vulkdnu Doupovskych hor je vyhloubeno také do plosin staropleistocennich ¥i¢nich
teras. Foto B. Balatka.
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