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ABSTRACT. Geomorphological development of the antecedent Labe canyon-like val-
ley in the Décinska vrchovina Highland is described. The chronodynamics of the
Labe deep-side erosion and its terrace system origin in the northern part of the Bo-
hemian Massif as interference of climate-morphogenetic and neotectonic processes in
the Upper Pliocene and the Quaternary are presented.
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1. INTRODUCTION

The Labe canyon valley in the Décinskd vrchovina Highland (Elbsandsteinge-
birge) has been being formed since the Miocene in a morphostructurally complexly
differentiated belt of tectonic active zones of the NW part of the Bohemian Massif.
A pronounced deep— and back-side erosion of the Labe and of its tributaries started
in the Pliocene and the present existing canyon valleys of the Décinskd vrchovina
Highland are of Quaternary age.

The Labe valley in the Décinska vrchovina Highland is cut into the lower situated
E margin part of the Snéznickd hornatina Hills in the geomorphological district of
the Décinské stény Walls. While in the S part the Labe canyon cuts across the higher
situated relief in the neighbourhood of the RiZovy hieben Ridge (436 m), situated
at the level of the Dolnozlebskd vrchovina Highland surface on the opposite left
river bank, the N segment of the valley follows the boundary between the higher
Dolnozlebska vrchovina Highland and the lower situated level of the Arnolticka
vrchovina Highland (Fig. 1). In connection with stronger uplifts of the S margins of
the Décinské stény Walls, the depth of the valley incision, the height of which is in
some places assymetrical in the lateral profile, reduces in a downstream direction
from more than 300 m to about 200 m.

The structural denudational plateaux and ridges of the Décinské stény Walls are
articulated by canyons and defiles mouthing into the Labe valley. During the Labe
deepening into the Mesozoic sedimentary rocks, large rocks defiles were formed
on the river valley slopes. In the Pleistocene, the Décinska vrchovina Highland
was repeatedly a part of the continental glacier foreground, [comp. Sibrava, Vacl
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F1G.1. Regional articulation of the DéCinskd vrchovina Highland (modified accord-
ing to Balatka 1995).
A. Décinské stény Walls (formed mainly by Cenomanian to Middle Turo-
nian sandstone rocks): 1 SnéZnickd hornatina Upland (ta Tiskd vrchovina
Highland (1a-1 Tiské stény Walls), 1b Dééinskosné&znicka hornatina Upland
(1b-1 Décinsky Snéznik Mountain), 1¢ Dolnozlebsk4 vrchovina Highland (in
thie southern part under the Upper Cretaceous sandstones there are crys-
talline rocks of the Lusatian granodiorites type outcropping in the l.abe val-
ley bottorn), 1d Dé&2inské kuesty uestas); 2 RaZovskd vrchovina Highland
(2a Arnoltickd vrchovina Highland (2a-1 Ruzovsky vrch Hill is a Tertiary
volcanite of basaltic type), 2b Kamenickd vrchovina Highland, 2c Oleéska
pahorkatina Hilly land); B. Jetrichovické stény Walls (formed by Middle Tur-
onian to Senonian sandstone rocks with fine occurences of basalt volcanite
knobs). Graphical explanations: limits of geomorphological units: a — unit,
b — subunit, ¢ - district, d — subdistrict, ¢ — part of subdistrict; f — state
border between the Czech Republic and Germany.

1962; Kunsky 1966; Sibrava, 1966; 1972], reaching in the periods of its maximal
progression up to the N margin of the Bohemian Massif.

This paper proceeds to a correlation of the present known findings about the
paleogeographical development of the NW part of the Bohemian Massif [for instance
Moschelesova 1923; Grahmann 1933; Engelmann 1941; Kral 1966; Sibrava 1966;
1972] and the results of the geomorphological analysis of landforms in the region of
the Labe canyon-like valley in the Décinskd vrchovina Highland (Photo 1) and the
system of Labe river terraces between the Bilina and the Kamenice River mouthing.
This approach has enabled the reconstruction of the Labe antecedent valley origin
in the Décinskd vrchovina Highland.

2. OUTLINE OF THE PALEOGEOGRAFICAL DEVELOPMENT
OF THE DECINSKA VRCHOVINA HIGHLAND

The denudation after the Variscan orogeny caused in the NW part of the Bo-
hemian Massif the development of a planation surface with a deep weathered lat-
eritic crust on the surface of the crystalline rocks. Sinking of the Lusatian Sorbian
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PuoTo 1. Canyon-like Labe valley in the D@&inskd vrchovina Highland deepened

mainly in sandstone rocks of Upper Cretaceous age. In the background
there is the table mountain Grosser Zschirnstein (560 m a.s.l.). According
to a viewcard from B. Balatka archive.

region in the Triassic caused the transgression of the epicontinental Jurassic séa
fromi the N [Kopecky et al. 1963; Buday et al. 1961) which was closed in the Upper
Jurassic by the Youug Kiramerian Kelloway stage of the Alpine orogeny. The Bo-
hemian Massif was getting uplified and the Upper Cretaceous denudation removed
the majority of the Jurassic sediments. Later on, due to tectonic faults during
the Young Austrian phases of the Alpine orogeny, the territory of the present-—
day Dé&Clinské vrchovina Highland became a depression through which the Upper
Cretaceous sea penetrated into the Bohemian Massif [[{lominsky 1994].

The DéCinskéd vrchovina Highland is a part of the Lusatian facial region of the
North-Bohemian Cretaceous basin. On its surface, there are rocks of the Lusatian
Pluton, Upper Cretaceous sediments and Tertiary volcanites intrusions. During the
supreme phase of the Saxonian faulting in the Tertiary, the sedimentary filling of
the Cretaceous basin was broken by uplifts and sinking into several independent,
mutually shifted blocks. The Décinska vrchovina Highland morphostructure was
formed in the area of the crossing of two important and long—term active tectonic
zones [Moschelesovd 1923; Prager, Lemke 1967; Thurm 1973; Rather and Wagner
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1975]. They are the NW-SE oriented Labe lineament and the fault zone situated
along the eastern margin of the Krusné hory Mountains, oriented in the moni-
tored region in the W-E direction. It includes the so—called D&&in— and the Ceska
Kamenice—fault fields. The repeated activation of that zone has been doing since
the Tertiary [Malkovsky 1976; 1979], while that of the Labe lineament probably
started in the Proterozoic.

Between DéCin and Hrensko, the crystalline rocks are uncovered on the bottom
and in the lowest parts of the Labe canyon-like valley slopes between the N mar-
gin of Loubi Village and the Studeny potok Brook. They are Lusatian granites
with mantle relics under the shape of metamorphesed sediments of Proterozoic,
eventually of Lower Paleozoic age. There are phyllites and phyllitic greywackes
passing into sillimanitic gneisses with quartzite, horn-stone and amphibolite fill-
ings. The northernmost part is formed by medium-grained, partly oriented biotitic
granodiorite.

Cretaceous sediments are represented in the Labe canyon valley between Décin
and Hfensko in the stratigraphic range Cenomanian — Coniac with a maintained
thickness of the Cretaceous groups of layers 300 m in average. Gravel sandstones
and conglomerates, medium to coarse grained sandstones of the Cenomanian age
with a thickness of up to 90 m form mainly the lower and milder parts of the Labe
valley slopes. On the basis of Turonian sediments, clayey—limy marlite sandstones
have developed, and in the upper layers, sandy sedimentation is prevailing. Fine-
grained kaolinic sandstones pass into coarse—grained sandstones. Above them, a
monotonous group of beds of mostly yellowish, finely to medium grained quartz
block sandstones developed. In the highest relief position of the Jetfichovské stény
Walls, there are yellow—brown block sandstones of Coniac age.

The Bohemian Massif uplift in the Lower Tertiary that forined a vault with its
top in central Bohemia and, thus conditioned, the origin of the centrifugal river
network [Engelmann 1941; Balatka and Sladek 1962a; 1975 and Malkovsky 1976;
1979] is, in the monitored territory, documented by a strong denudation of the
Cretaceous sediments. As a consequence of the Neogene Saxonian block movements,
this Lower Tertiary river network was largely transformed, mainly by the uplift of
marginal mountain ranges of the Bohemian Massif. The outflow of rivers of the W
and N part of Bohemian Massif via the Krusné hory Mountains planation surface
to the Leipzig Basin to the Eocene Saxonian sea continued probably even in the
Lower Miocene [Malkovsky 1979] and was interrupted by alater uplift of the Krusné
hory Mountains. The intermountain belt in the region of the present—day Décinska
vrchovina Highland was formed, probably as recently as in the Middle Miocene, as
the Labe bend with block structure enabling the outflow of the principal river of
the new water courses network of the greater part of the Bohemian Massif to the
Northern Sea.

In the Neogene, the Ceské stiedohofi Mountains were practically the extension
of the basin on the fault zone E of the Krusné hory Mts. After the retreat of the
Miocene Lusatian sea from the NW margin of the Bohemian Massif, the Décinska
vrchovina Highland region had a tendency to secular uplift. Nevertheless, the Labe
bend northwards from Usti nad Labem has been maintained in different paleogeo-
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graphical conditions since the Paleogene up to the present day. The Upper Mesozoic
elongated shelf sea gulf with facially prevailing delta sedimentation is thus copied
by the relief of the headland of the Bohemian Cretaceous Basin along the Labe up
to the Dresden part of the North—German Lowlands.

The Saxonian orogenetic processes were manifested in the NW part of the Bo-
hemian Massif equally by volcanic activities [Kopecky et al. 1963]. In the region of
the Décinska vrchovina Highland, the oldest Upper Oligocene phase of volcanic ac-
tivities includes probably the Holy vrch Hill (529 m) situated SSW from the Dé¢in-
sky Snéznik Mountain. The Miocene volcanites are situated only eastwards from
the Labe, where they often form marked elevations. Large intrusions of volcanic
rocks into Cretaceous sediments occurred there causing solidification of sandstone
blocks by contact and hydrothermal metamorphosis. Flue and lode fillings often
do not rise to the surface, locally they mildly vault the upper layer sediments and
are progressively uncovered by selective denudation.

The right-side affluents of the Labe, Plou¢nice and Kamenice Rivers, were
formed 1n connection with the Miocene uplift of the Lusatian Ridge along the
Lusatian Fault [Gregor 1959; Gregor and Tesafik 1959]. In the Pliocene and in the
Quaternary, the Ploucnice River got antecedently cut into the volcanic rocks of the
Ceské stfedohofi Mountains. As a consequence of severe Labe erosion, the lower
valley of the Kamenice River got deeply cut into the Cretaceous sediments during
this period [Glockner 1964; 1967; Balatka and Sladek 1978].

Structural-denudational planation surfaces of the Arnoltickd vrchovina Highland
in altitudes above 280 m acting as watershed tableridges of subsequent Labe courses
are relics of the Pliocene relief between Dééin and Hiensko [Kalvoda and Zvelebil
1983a,b]. The Arnoltickd vrchovina Highland is dissected by faults especially at its
margin, while in its rock complexes layer folds of 3 to 7° in the direction NE-SW,
NW-SE and N-S can be seen. The elevation between the Brtniky, the Rizovsky
vrch Hill up to the RizZovy hieben Ridge northwards from Décin has a synclinal
character. Oscillations of the Cretaceous sediments thickness, due to local condi-
tions of their sedimentation do not exceed tens of metres. Westwards from Dolni
Zleb, sandstones are bedded quasi—horizontally, their tectonic inclination, mainly
of 2 to 4° to NNE, is nevertheless documented in the Labe valley.

The fault zone, on which the Labe antecedent valley has developed, links to the
Middle Saxonian fault system with the predominant NW-SE orientation. When
comparing relative heights of the boundary between the Middle and the Lower
Turonian above the left and the right Labe banks, the primary assymetry of the
antecedent valley should be taken into consideration [Lamprecht 1935; Kalvoda
1980 and others]. The left—-bank west block of the Dééinskda vrchovina Highland
has been probably uplifted in its middle and northern part less than the block of
the Labe margin of the Arnoltickd vrchovina Highland. The main stages of these
uplifts occurred in the Upper Pliocene and in the Lower Pleistocene, when the Labe
incision into the Mesozoic block sandstones and their crystalline basement reached
minimally the depth of 300 .

The graded to mildly undulated relief of the Décinska vrchovina Highland region
was formed 1n the Tertiary mainly in subtropical climatic conditions. Since the be-
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ginning of the Quaternary, however, this relief has become a part of the continental
glacier foreland. Changing climate—-morphogenetical processes, alternating between
semiarid very cold glacial and humid, mildly warm interglacial periods led, together
with tectonic uplifts, to a progressive deepening of the Labe and of its affluents and
to the present—day canyon valleys development.

3. FLUVIAL SEDIMENTS AND LABE TERRACES IN
THE NW PART oF THE BOHEMIAN HIGHLAND

With some exception, river terraces in the Labe canyon are not maintained in
the Dé&Cinskd vrchovina Highland. For that reason, attention was paid also to the
Labe valley in the N part of the Ceské stfedohofi Mountains. In the observed seg-
ment of the Labe valley, fluvial sediment occurrences were divided into 7 terrace
groups (Fig. 2). The highest situated gravels of a varied petrographic composition
are maintained near Budov (altitude of 320 m, relative height above the Labe level
188 m, Hibsch 1904a,b; Kral 1966). According to our findings, quartz and basalt
boulders occur only rarely in deluvial sediments on the basalt mass platform at alti-
tude 313 to 314 m. Stratigraphically important occurrence of fluvial sediments near
Stfibrniky has the denuded surface of sands and gravels of Ohte origin at altitude
275 to 265m (142 to 132m of relative height). After the paleontological finding
of a tooth of the elephant Archidiskodon meridionalis [Liebus 1929], this locality
was linked to the Lower Pleistocene. The high position of those sediments was
explained by tectonic uplifts of the territory [Engelmann 1938; Kral 1966; Sibrava
1972]. After a reexamination of the paleontological findings, these sediments are
considered as being of the Upper Pliocene age [Kodi et al. 1991].

The Upper Pliocene age is linked also to the fluvial sediments near the Labe
canyon edge near Belveder by Labska Stran in the Décinska vrchovina Highland
[Beck and Hibsch 1895; Gralimann 1933]. These mostly quartz and quartzite grav-
els contain the rock material of the Plou¢nice and Vltava region origin [Klein et
al. 1967]. Strongly clayey sands from the Cretaceous sandstones eluvium con-
tain different ratios of relatively well wrought boulders of quartzes, less frequently
quartzites and lydites, of sizes inferior to 3 to 5 cm. Sporadically, there are greater
boulders and poorly wrought basalt and sandstone boulders with a diameter supe-
rior to 0.5m in the longer axis. A small terrace plateau of a size approximately
130 x 90 m at the right bank edge of the Labe canyon is situated at the foot of
the Pliocene valley right slope 10 to 15 m under the level of the planation surface.
Southwards from the described locality, near Belveder, there is a small sandstone
plateau at 293 m (on a slightly separated margin block) situated at the level of the
Pliocene terrace base. This plateau is deepened more than 50 m into the level of a
marked structural denudational plateau with the geodetical point 346 m southwards
from Labska Stran. If the sediments are stratigraphically identical with those of
Sttibrnice, the altitudinal position of the Belveder sediments (296 to 293 m, resp.
178 to 175m of relative height) is the result of a tectonic uplift of the territory
of about 40 m when compared with the presupposed position of the Pliocene river
valley bottom.
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F1G.2. Longitudinal profile across the Labe terraces between Usti nad Labem and

Hrensko.

— the Labe level.

Z - planation surfaces, 1; ...

VII, - fluvial gravels and river ter-

races of the Pliocene and the Quaternary age; n — alluvial plain level; h -
river level; full - terrace surfaces, dashed — terrace bases, dashed and dotted
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While the St¥ibrnice locality
I; in the Most Basin [Balatka 1995], the occurrence of lower situated sandy gravels
at the Mariansky vrch Hill in Ust{ nad Labem (256 to 250 m, resp. 123 to 117m
of relative height) corresponds in the Most Basin to the terrace I, (the Vysocany
one), considered equally as of the Upper Pliocene age [Tyracek et al. 1985].

A contribution to the solution of the question of the foundation period of the
Labe valley in the Ceské stiedohoif Mountains and in the D&¢inska vrchovima High-
land are the findings of rocks and minerals (for instance Krkonose Mountains chal-
cedonies and aucarites, the Brdy Mountains ferrous quartzites and moldavites)
evidently of Bohemian Massif origin in the Labe sediments in the neighbourhood
of Dresden considered as Upper Miocene [Rost et al. 1979], or Pliocene ones [Ge-
nieser 1962 and others]. These fluvial sediments probably correspond to A terraces
of Grahmann (1933) and Engelmann (1938) and at present they are assigned to the
upper part of the Lower Pliocene [Bouska 1994; Bouska et al. 1995].

The altitudinal position of the so~called postvolcanic planation surface in the
Ceské stfedohofi Mountains (375 to 650m, [Kral 1966]) indicates that the Labe
valley was founded there probably in the Upper Miocene, or possibly in the Lower
Pliocene, that is before the beginning of intensive differentiated uplifts of the Ceské
stfedohori Mountains neovolcanic horst. At present, the Labe valley is incised into
the lowered zone between differently uplifted blocks. Equally in the territory of
the Décinska vrchovina Highland, the Labe took the position of the lowest situated
sandstone block at the contact of the Dolnozlebska and the Arnoltickd vrchovina
Highland, and before the period of the main tectonic movements, [comp. Moscheles
1920].

Among the evident Pleistocene terrace levels, beside the valley Labe terraces
only the IlIrd terrace [Kral 1966], the so—called Ne&témice one of Sibrava (1972), is
continuously developed. The gravel surface is situated maximally 80 to 85 m above
the river (II1;), locally a 5 to 7 m lower erosion level (II1y) is developed. The terrace
sediments are maximally 27m thick [Rzickovd 1968]. The stratigraphically key
locality in Dé¢in (near the hospital, Foksche Hohe) with a significant group of beds
of proluvial, glacilacustrial and fluvial sediments corresponds, according to Sibrava
(1967, 1972), to the cataglacial phase of the first glaciation (Menap, Giinz), as
well as to the anaglacial phase of the first Elster glaciation (Mindel 1). The same
author indicates a relatively low level of the old valley bottom at the height of 40 to
50m above the present—-day water level. Tlhe position in the lateral profile proves
that the localities of the Illrd terrace have not been affected by evident tectonic
movements.

The IVth terrace includes gravels only in Usti nad Labem — Stiekov at altitude
188 to 179m (55 to 46 m of relative height). Exceptionally, sediments of the Vth
terrace — the Nebocady one according to Sibrava (1972) — with the surface in Ust{
nad Labem — Stfekov at 42 m, are also maintained near Nebocady 37 m above the
Labe level. This terrace with the supposed double constitution of sediments corre-
sponds to both Elster glaciations (Mindel 1 and Mindel 2, Sibrava 1972). The VIth
terrace (the Ust{ one according to V. Sibrava 1972) occurs sporadically with the



CHRONODYNAMICS OF THE LABE RIVER ANTECEDENCE IN THE DECINSKA VRCHOVINA 51

surface at 20 to 24 m and the basis 16 to 18 m1 above the river [RGzickova 1978). The
sediments of this terrace are assigned both to the second Elster glaciation and to the
cold oscillation of the Elster-Saale interglacial [Sibrava 1972]. Tts geomorphological
shape i1s therefore younger than the Elster glaciation.

The continuously developed terraces of the VIIth group are characterized by a
complicated structure. The highest level (VII;) with the surface at 10 to 13 m above
the river corresponds to the main terrace of Rizickovd (1978) and the Travcice ter-
race of Sibrava (1972); stratigraphically, it belongs to the Saale glaciation (Drenthe,
Riss 1). The lowest step with the level at 6 to 8 m above the river is interpreted
as the Warthe one (Riss 2), the gravels under the Holocene alluvia of the alluvial
valley are of Weichsel (Wirm) age.

The base of the terrace VII; is situated, according to drills, mostly 3 to 4m
under the river level; the rock basement of the terrace VII; has two levels — the
higher one at 7 to 9m and the lower one at 10 to 14m under the river level. In rare
cases, the drills discovered a sediment base under the terrace VII; level nearly at
the level of the deepest position of the terrace VII; basis. The lowest positions of
the base are developed in the overdeepened furrow, the genesis of which is probably
connected with the intensive erosion after the retreat of the Saale glacier, when,
after accumulation of gravels of the VIth terrace, the valley got deepened by 35 m
at least. Coarse to boulder gravels of the basal positions of the furrow filling contain
mainly rocks of local origin. The earlier authors [Hibsch 1899, Grahmann 1933 and
others] supposed that Wiirm gravels under the Holocene alluvia lay on the Riss
terrace sediments.

The surface of the alluvial plain (3 to 4 m of relative height) presents, together
with the river level, an increased inclination in the upper part of the Labe canyon,
that is, in places, where the river gets incised into the Cretaceous sedimentary rock
crystalline base. The Labe water—level inclination in the 7kmlong segment beneath
the Plou¢nice mouthing is 0.71%,, in the lower situated segment only 0.25%,, and
above the Plou¢nice mouthing 0.38%,.

4. THE ORIGIN OF THE LABE CANYON-LIKE VALLEY

The geomorphological analysis discovered in the Labe canyon-like valley relics
of erosion—denudational levels, the bases of which can be interpreted as partial level
of the river network deepening in the Quaternary [Kalvoda and Zvelebil 1983a,b;
Zvelebil 1989]. This erosion—denudational levels have only local significance, when
evaluated with the help of the relative heights above the present—day valley bottom.
The comparison of the position of the erosion—denudational levels relics between
Décin and Htiensko with the Labe terrace system between the Bilina and the Ka-
menice River mouthing, and with the other Quaternary geological data, offers,
nevertheless, relatively reliable information about the course of the river network
deepening in the DéCinskd vrchovina Highland [Balatka and Kalvoda 1995]. Retain-
ing profiles were elaborated in that sense mainly in the W part of the Arnolticka
vrchovina Highland between the mouthing of the Studeny potok Brook and the
Such4d Kamenice Brook, that is on the right side of the middle part of the Labe
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valley. The correlation of the geomorphological situation with the engineering geo-
logical conditions has shown in additicen [Kalvoda and Zvelebil 1989; Zvelebil 1989]
that the presently active deeply founded sliding slope movements and occasional
catastrophic rockfalls occur in the belts with relics of fossil disintegrated masses of
destructional landforms of the progressively enlarged Labe valley.

In the Upper Pliocene, the Arnoltickd vrchovina Highland between the Sucha
Kamenice and the Studeny potok Brooks had a mildly undulated relief with a more
marked elevation of the basalt knob of the Arnolticky vrch Hill. The lowest level
of the basalt planation surface represents the erosion-denudational level A, the
lower part of which corresponds to the ba
The relic of this terrace with its surface at 178 m of relative height is maintained
above the Labe valley margin northwards from the Belveder site near Labsk4 Stran.
The Labe deep—side erosion, followed by back-side erosion of the subsequent water
courses, started only after the terrace I; deposition, which could also have come
from the right-side Labe affluents in the Décinskd vrchovina Highland. In the
Upper Pliocene, the Labe somehow passed more northwards than in the Quaternary,
probably across the territory of the Kripenbach Brook lower course.

In the Labe valley segment between the Studeny potok Brook and the Sucha
Kamenice River, there are maintained on the slopes other relics of partial levels
of river deepening in the following way (see Fig. 3): base of erosion-denudational
level B at altitude 252 m, 134 m of relative height; level C — altitude 226 m, 108 m

rel h. and level G — altitude 102m, —16m of rel. h. above the river surface. On
the accumulation landforims, there are probably relics of the temporary river valley
bottom of the level Fo at 148 m, resp. at 30 m; of the level F at 131 m resp. at 13m
and of the level G+1 at 116 m of altitude and at —2m of rel. h.

Probably at the end of the Pliocene, the Labe cut into the level of 134 m of
relative height above the present water surface, that is on the basis of the erosion—
denudation level B. In the Prategelen (Donau), the accumulation terrace I, was
originated with a maintained surface at 123 m of relative height near Décin. At that
time, the Labe valley was probably partially gravelled. The terrace s downstream
of the Labe course significantly diverges from the alluvial plain and with younger
terraces. It proves the assymetry of the tectonic uplift amplitude with its maximum
in the SE part of the D&Einskd vrchovina Highland [comp. Grahmann 1933].

In the Tegelen, the Labe was probably incising and reached the base of the
erosion—denudational level C (that is 108 m of rel. h.), later at the base of the
erosion—denudation level D (92m of rel. h.). This base corresponds to the level
of the fault caves bottom northwards from the Belveder site near Labska Stran
[Kalvoda and Zvelebil 1989]. After the stage of deepening, the Labe valley was,
during the Lower Giinz, gravelled in a thickness exceeding probably 20m, which
corresponds in the neighbourhood of Décin to the river terrace II with its surface
at 220 m.

Before the formation of the Illrd terrace, the Labe reached through deep-side
erosion the level of the base of the erosion—denudational level E (64m of rel. h.)
and later even the level of 43 m of rel. h. (near DéCin the altitude of 165m,
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F1G. 3. Scheme of erosion denudational zones of the middle part of the Labe canyon
valley (modified according to Kalvoda and Zvelebil 1983a,b; Zvelebil 1989):
Explanations: 1 — 3 Upper Cretaceous sandstones, local siltstones: 1 — Ceno-
manian (C), 2 — Lower Turonian (t;), 3 — Middle Turonijan (tz); 4 — fault
zone; 5 — 10 destructional landforms: 5 — belevelled surface of Pliocene age
under the form of denudational plateaux with an inclination of 0 to 2°, 6 —
mild denudational slopes with an inclination of 2 to 5°, 7 — erosion denuda-
tional slopes with an inclination superior to 5°, 8 — overdeepened Labe bed
bottom, 9 — step-type rock relief, 10 — articulated disintegrated rock relief;
11 - 13 — accumulation landforms: 11 - river terrace of Pliocene age, 12 —
alluvial plain, 13 — slope sediments and accumulations of subrecent and re-
cent rockfalls; 14 — identification and vertical extent of erosion—denudational
zones, 15 — base of fissure and fault cave systems.

the terrace I base according to Grahmann 1933, equally Sibrava 1972). It can be
presupposed that the valley was getting enlarged not only by erosion, but also by
rockfalls, landslides and the other slope movements of weathered masses. According
to Sibrava’s interpretation (1972), the nearly 30 m thick accumulation of the IIIrd
terrace was due to the Labe blocking by the continental glacier in the region of
Meissen in the Menap and in the first stage of the Elster (Mindel). During the
Elster, the maintained terraces IV and V were formed between Litomérice and
Décin.

A geomorphologically very significant stage of deep erosion went on during the
Holstein interglacial. The canyon valleys of the Labe affluents were constituted at
the same time. The deepening of water courses together with warm and humid
climatic conditions activated at the same time slope movements that transformed



54 J.KAaLvoDa and B.BALATKA

the valleys’ lateral profiles. The deep—side erosion went on in several stages even
during the Saale glaciation, so that in the Eem interglacial, the Labe valley bottom
in the Décinska vrchovina Highland got cut on the basis of the erosion-denudational
level G even upto 16 m below the present-day river level.

The accumulation of the VIth terrace i1s connected with the Drenthe stage and
that of the terrace VII; (with its base at 3 to 4m below the river level) with the
Warthe stage of the Saale glaciation. In the Saale glaciation period, the Labe
valley was again filled up by river sediments that got eroded during warmer fluc-
tuations. The stages of removal of those sediments probably represent the bases of
the erosion-denudational levels Fo (30m of rel. h.) and F (8 to 18 m of rel. h.)
modifying accumulation landforms. The modellation of the valley was also largely
due to the lateral erosion and slope movements.

Cryogenic and periglacial modelling processes were again prevailing in the Weich-
sel glaciation period (Wirm). At the same time, the sedimentation of the river
terrace VIl; went on. After deposition of these terrace sediments there came a
period of deep-side erosion that reached the level approximately 1 m below the
present—cday lLabe river surface. On the base of this erosion—denudational level
G+1, there are Holocene gravels or alluvial plain sands and soils with the surface
at 1 to 6 m of rel. h. During the postglacial period, huge loamy-sandy to bouldery
accumulations of the lower slope part were formed. A number of brooks, now no
longer in existence, deepened the lateral short valleys and erosion cuttings mainly
in the more humid Holocene periods.

A unique phenomenon of the Labe antecedent valley development in the NW
part of the Bohemian Massif is undoubtedly its repeated filling up by fluvial, slope
and other sediments of Quaternary age of a thickness of several tens of metres.
During the main stages of the river erosion, these sediments, including landslde
and rockfall accumulations, were transported towards NW outside the region of the
Bohemian Massif. Slope movements on the sides (Photo 2) and river erosion of the
Holocene sediments of the Labe valley bottom in the Dé¢inska vrchovina Highland
continue at present, too.

5. CONCLUSION

The relics of the Neogene relief, mainly the structural denudational planation
surfaces, are maintained in the monitored part of the Décinska Highland up to an
altitude of 346 m. During the deepening of the Labe and of its affluents due to the
secular tectonic uplift of the Bohemian Massif, there was, since the Pliocene, an
influence of the morphostructural plan of fault zones in the Mesozoic sedimentary
rocks. The chronodynamics of the development of this part of the Labe canyon
valley 1s shown in Tab. 1.

This schenie indicates that the deep—side erosion of the Labe river network in
the Décinska vrchovina Highland had already exceeded 50 m in the Pliocene. Since
the formation of the terrace I near Labska Stran, the Labe got deepened by a
further 180 to 200 m, while its present rock bottom could have already existed in
the Drenthe stage of the Saale glaciation, but at least in the Eem interglacial.
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PHOTO 2. Sandstone block (volume 310 m®) that stopped only several dozens
of metres above the Dé&¢in — Hiensko road during the catastrophic
rockfall in 1978.
Photo: J. Zvelebil.

Nevertheless, the principal question is the evaluation of the chronodynamics of
those phenomena (including absolute dating, [comp. Zaruba et al. 1977; Tyracek
et al. 1985; Koéi et al. 1991; Tyracek in Klominsky 1994; Balatka 1995]) and its
interpretation in the context of the paleogeographical development of the Bohemian
Massif and of the region of the North-European continental glaciation in the Qua-
ternary. From the presented results of the geomorphological analysis it follows that
1t is necessary to perform 1) dating of terraces I; and I, with their surfaces at 178 m
and 123 mrespectively above the present Labe level; 2) determination of the period
of origin of the base and of the accumulations of the IIIrd river terrace sediments
and their time correlation with the stage of progression of the continental glacier
in the Lower Pleistocene; 3) a more precise determination of the time and phases
of the marked deep—side erosion since the Holstein to the Eem interglacial; 4) con-
firmation of the time correlation of the river terraces VI and VII; formation with
the stages of the Saale glaciation.
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TABLE 1.Course of the antecedent deepening of the Labe
canyon-like valley in the Décinskd vrchovina Highland

Stratigraphic Geological Chronodynamically significant data about

period accor-
ding to the

age

the Labe valley relief development

(in 10° yr) in the Dé&cinska vrchovina Highland

continental
(Alpiue) clas-
sification
-9.30- Denudation of Turonian sandstones on the surface
of the ”basaltic” planation surface in conditions
of warm humid climate.
Formation of the river accumulation terrace A
with its surface at 188 m and its basis at 183 m
of relative height (resp. surface/base figures below)
near Usti nad Labem.
Pliocene Base of the erosion—denudational level A, 175 m
of rel.h.(all details from the region between Suchd
Kamenice and Studeny potok Brooks).
Formation of the terrace I; (142/132m near
Ust{ nad Labem, 178/175 m near Labska Strai).
- 1.80- Base of the erosion—denudational level B,
Tegelen 134 m of rel. h.
(Donau 1) Formation of the terrace I (123/117m near
Ust{ nad Labem).
-1.64- Secular tectonic uplift and progressive cooling
Eburon of the climate.
(Donau 2) Base of the erosion—denudational level C,
Wall 108 m of rel. h., and D, 92m of rel. h.
Menap Formation of the terrace II (97/81 m near
(Ginz 1) Ust{ nad Labem and 85/80 (?) m near Dé&in).
— 06— Base of the erosion—cdenudational level E,
Bavel 64m of rel. h.
(Ginz 2) Formation of the terrace III; (82/62 m near
Ust{ nad Labem, 81/58 (43) m near D&in).
-0.85— Warm spell and humid climate in the interglacial,
Cromer stage deepening of the Labe and its aflluents.
(Ginz/Mindel) Formation of the terrace Ill; (75/62 m near
Ust{ nad Labem, 73/58 (43) m near D&&in).
Elster 1 = 55= Formation of the terrace IV (55/46 m near
(Mindel 1) Ust{ nad Labem).
Elster 2 -0.47 - Formation of the terrace V; (42/27 m near
(Mindel 2) Ust{ nad Labem, 37/32 m near D&in) and V.
-0.43 - Strong deep—side erosion with progressive Labe
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Holstein deepening up to the present level of the river
(Mindel/Riss) bottom; activation of slope movements on the
valley slopes.
Saale, stage -0.30- Formation of the terrace VI; (24/16 m near Usti
Drenthe (Riss 1) nad Labem), the terrace VI, is not maintained.
S0520= The region of the Dééinska vrchovina Highland

1s the foreground of the continental glacier,
strong influence of periglacial processes.
Formation of the terrace VII; (12/—2m near
Saale, stage Usti nad Labem, 13/—3 m near D&in). Base of
Warthe (Riss 2) the erosion—denudational level G, —16 m of rel. h.
between the Studeny potck Brook and Hrensko.
After gravelling of the valley, bases of the
erosion—denudational levels Fg and F, 30/13 m
of rel.h., were formed on accumulation landforms.

-0.13- Considerably warmer and humid climate of inter-
Eem glacial, intensive transport of Quaternary
(Riss/Wirrn) sediments, erosion, slope movements.
Weichsel, -0.10- Formation of the terrace VII; (8/—10m near
early and Usti nad Labem, 8/—14 m near Dé&cin).
high Base of the erosion—denudational level G+1,
(Wirm 1, 2) -0.04- —2m of rel. h.
Weichsel, late Slope developement in the periglacial climate,
(Wiirm 3) later progressive warming.

-0.01~- Formation of alluvial accumulations (4/—3 m near

Ust{ nad Labem and D&éin).

Holocene Frequent rockfalls and landslides. Occasional

sedimentation, especially since the Atlantic period,
of inundational soils and sands, anthropogenous
-0.00~- modelling of the relief.
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CHRONODYNAMIKA VYVOJE UDOLI LABE V
DECINSKE VRCHOVINE, CESKA REPUBLIKA

Jan IKALVODA a Bretisiav BALATKA

V pleistocénu byla Décinskd vrchovina opakované soutasti predpoli kontinentdlniho ledovce,
ktery v obdobich maximalnich postup@ zasahoval a% na severni okraj Ceského masivu. Rekon-
strukce chronodynamiky reliéfotvornych procestt a jevil pti vyvoji idoli Labe v mladsim keno-
zoiku je zaloZena na geomorfologické analyze sledované ¢asti Dé€inské vrchoviny a na jeji kerelact
s terasovym systémem Labe mezi Ustim Biliny 2 Kamenice a s dalsimi kvartérné geologickymi
udaji.

Pri zahlubovani Fi¢ni sité do kerné rozldmanych kiidovych sedimentd DECinské vrchoviny se
erozul svahy vyvijely na tkor plochy zarovnanych povrchii neogenntho stari. V mladsim pliocénu
byla na mirné zvlnény reliéf uloZena aluvidlni terasa I), jejiz relikt s povrchem 178 m relativni
vysky se zachoval nad okrajem labského idoli u osady Labska Strén. Patrné koncem pliocénu se
Labe zaFizlo na Grovent 134 m rel.v. nad soudasnou hladinou, kterd je dnes u Hrenska ve 117 m n.m.
V prétegelenu (donau) vznikala akumulaéni terasa Iz se zachovanym povrchem ve 123 m rel. v.
u Dééina. V tegelenu se Labe zahloubilo pravdépodobné aZz na 92 m rel. v. a ve stardim giinzu
vznikla Fiéni terasa 1, jejiz povrch je v okoli Dééina 220 m n.m. Pred vznikem IIl. terasy dosédhle
Labe erozi Girovei: 43 m rel.v. Témér 30 m mocna ¥iéni terasa Il byla vytvorena patrné v obdobich
zahrazeni toku Lahe pevninskym ledovcein u Mi3né€ v menapu a v 1. fazi elsteru (mindel).
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V holsteinském interglacialu pusobila morfologicky velmi vyrazné hloubkova eroze, ktera pokra-
Covala v nékolika etapach i béhem salského zalednéni. Proto jiz v eemském interglacidlu bylo dno
tidoli Labe v Déé&inské vrchoviné az 16 m pod dnesni hladinou feky. Zachované relikty akumulace
VI. terasy souvisi se stadiem drenthe a terasy VII; (s bdzi 3—4m pod hladinou feky) se stadiem
warthe sdlského zalednéni. Tyto fluvidlni sedimenty byly v teplejsich obdobich erodovany. Béhem
viselského zalednéni (wiirin) probéhla sedimentace terasy VII,. Nasledujici etapa hloubkové eroze
dosahla rovné pfiblizné 1 m pod soucasnou hladinou Labe. Na tuto bazi byly ulozeny holocenni
stérky a pisky udolni nivy.

Pri hloubkové erozi probihalo v kvartéru na odkryvanych skalnich masivech piskovcu Décinské
vrchoviny intenzivni zvétravani. Pfrevdiné podél ploch diskontinuity vznikaly svahové pohyby,
které na nékterych lokalitdch pokracuji i v soucasné dobé.



