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ASSTRACT. G eomorphological developmen t of the an teceden t Labe canyon-like val
ley in the Děčínská vrch ovina Highlan d is described. The chron odynam.ics of the 
Labe cleep-side erosion an d i ts terrace system origin in the n or thern par t of tbe Bo
hem ian Massif a s  interference of climate-morphogenetic an d n eotectoruc processes in 
th e Upper Pliocen e  an d the Quat ernary are presen ted. 

KEY WODR S: geomorph ology, anteceden ce,  Labe r iver 

1. INTRODUCTION 

The Lab e  canyon valley in the Děčínská vrchovina Highland (Elbsandsteinge
birge) has been being formed since the Miocene in a morphostructurally complexly 
differentiated belt of tectonic active zones of the NV\.T 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 Děčínská vrchovina 
Highland are of Quaternary age. 

The Labe valley in the Děčínská vrchovina Highland is cut in to the lower situated 
E margin part of the Sněžnická hornatina Hills in the geomorphological district of 
the Děčínské stěny Walls . While in the S part the Labe canyon cuts across the higher 
situated relief in the neighbourhoo d  of the Růžový hřeben Ridge (436 m) , situated 
at the l evel of the Dolnožlebská vrchovina Highland surface on the opposite left 
river b ank, the N segment of the valley follows the boundary between the higher 
Dolnožlebská vrchovina Highland and the lower situated level of the Arnoltická 
vrchovina Highland (Fig . 1). In connection with stronger uplifts of the S margins of 
the Děčínské stěny Walls , the depth of the valley incision, the height of which is in  
some p laces assymetrical in  the l ateral profile, reduces in  a downstream direction 
from more than 300 m to about 200 m. 

The structural denudational plateaux and ridges of the Děčínské stěny VValls are 
articulated by canyons and defiles mouthing into the Labe valley. During the Lab e  
deepening into the Mesozoic sedimentary rocks, large rocks defiles were formed 
on the river valley slopes. In the P leistocene , the Děčínská vrchovina Highland 
was repeatedly a part of the continental glacier foreground ,  [comp . Sibrava, VácI 
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FIG.1. Regional articulation of the Děčínsk á vrchovina Highland (modified accord
ing to Balatka J995). 
A. Děčínské stěny Walls (fol'med mainly by Cellomanian to Middle Turo
nian sandstone rocks): 1 Sněžnická hornatina Upland (la Tiská vrchovina 
Hjghland (la-l Tjské stěny Walls) , lb Děčínskosnčžrůcká hornatina Uplancl 
(lb-l Děčínský Sněžník T\1ountain), lc Dolnožlebská vrchovina Highland (in 
the southern part uncler the Upper Cretace ous sandst.ones there are crys
talline rocks of the Lusatian granodiorites type outcropping in the Labe val
ley bottorn), Id Děčínské kuesty I<uestas); 2 Rúžovská vrchovina Highland 
(2a Arnoltická vrchovina Bighland (2a-1 Růžovský vrch Bill is a Tertiary 
volcanite of basaltic type), 2b Kamenická vrchovina Bi ghland , 2c Olešská 
pahorkatina Billy land); B. Jetřichovické stěny WaJls (formed by Middle Tur
onian to Senoruall sandstone rocks with fine occurences of basalt volca.nite 
knobs). Graphica1 explanations: limits of geomorphological units: a - unit, 
b - subunit, c - district, cl - subdistrict, e - part of subdistrict; f - state 
bOl'der between the Czech Republlc and Germany. 

1962 ;  Kunský 1966; Šibrava, 1966 ;  1972], reaching in the periods of its maximal 
p rogression up to the N margin of the Bohemian Massif . 

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

2. OUTLINE OF THE PALEOGEOGRAFICAL DEVELOPMENT 

OF THE DĚčíNSKÁ VRCHOVINA HIGHLAND 

The denudatioll 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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PHOTO 1. Canyon-like Lábe vaHey in the Děčínská vrchovina Highland deepened 
mainly in sandstone rocks of Upper Cretaceous age. 111 the background 
there is the table mountain Grosser Zschirnstein (560 In a.s.1.). According 
to a vlewcard from. B. Ba.latka arch.ive. 

region in the TriassÍc caused the transgression oř' the epicontinental J urassic séa 
fro111 the N [Kopecký et al . 1963; Buday et al . 1961] which was dosed in the Upper 
Jurassic by the Young Kimmerian Kel loway stage of the AJ pine orogeny. The Bo
hemian lVlassif was getting uplifted and the Upper Cretaceous denudation removed 
the majority of the J urassic sediments. Later on, due to tectonic faul ts during 
the Young AustrÍan phases of the Alpine orogeny, the territory of the present
day Děčínská vrchovina Highland became a depression through which the Upper 
Cretaceous sea penetrated into the Bohemian Massif [Klomínský 1 994]. 

Thc Děčínská 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 intrusiollS. During the 
supreme phase of the Saxonian faulting in the Tertiary, the sediment ary filling of 
the Cretaceolls basin was broken by uplifts and sinking into several indepenclent, 
rnutually shifted blocks. The Děčínská vrchovina Highland morphostructure was 
formed in the area of the crossing of two important and long-term active tectonic 
zones [Moschelesová 1 923; Prager, Lemke 1 967; Thurm 1 973; Rather alld Wagner 
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1 9 75] . They are the  NW-SE oriented Labe lineament and the fault zone situated 
along the eastern margin of the Krušné hory Mountains , oriented in the moni
tored region in the W-E direction . It includes the so-called Děčín- and the Ceská 
Kamenice-fault fields . The repeated activation of that zone has been doing since 
the Tertiary [Malkovský 1 976; 1979] , while that of the Labe lineament probably 
started in the Proterozoic .  

Between Děčín and Hřensko , 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 Loubí Village and the Studený potok Brook . They are Lusatian granites 
with mantle relics under the shape of metamorphosed sediments of Proterozoic , 
eventually of Lower Paleozoic age .  There are phyllites and phylliti c  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 b etween Děčín 
and Hřensko 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 mainIy the lower and milder parts of the Labe 
vaHey slopes . On the basis af Turonian sediments , clayey-limy marlite sandstones 
have developed , and in the upper layers , sandy sedimentation is prevailing. Fine
grainecl kaolinic sandstones pass into coarse-grained sanclstones . 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 Jetřichovské stěny 
Walls , there are yellow-brown block sandstones of Coniac age .  

The Bohemian Massif uplift in the Lower Tertiary that formed a vault with its 
top in central Bohemia and, thus conditioned, the origin of the centrifugal river 
network [Engelmann 1 941; Balatka and Sládek 1 962a; 1975 ancl Malkovský 1 976; 
1 979] is , in the monitored territory, documented by a strong denudation of the 
Cretaceous sediments. As a consequellce of the Neogene Saxonian block rnovements , 
this Lower Tertiary river network was largely transformecl, mainly by the uplift of 
marginal mountain ranges of the Bohemiall Massif . The outfiow of rivers of the W 
and N part of Bohemian Massif via the Krušné hory Mountains planation surface 
to the Leipzig Basin to the Eocene Saxonian sea continued probably even in the 
Lower Miocene [Malkovský 1 979] and was interrupted by a later uplift of the Krušné 
hory Mountains .  The intermountain belt in the region of the present-day Děčínská 
vrchovina Highland was formed, probably as recently as in the Middle Miocene, as 
the Labe bend with block structure enabling the outfiow of the principal river of 
the llew water courses network of the greater part of the Bohemian Massif to the 
N orthern Sea. 

In the Neogene ,  the Ceské středohoří Mountains were practically the extension 
of the basin Oll the fauIt zone E of the Krušné hory Mts . After the retreat of the 
Miocene Lusatian sea f:com the NW margin of the Bohemian Massif , the Děčínská 
vrchovina Highland region had a tendency to secular upEft. Nevertheless , the Labe 
bend northwards from Ústí 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 L abe up 
to the Dresden p art of the North-German Lowlands. 

The Saxonian orogenetic processes were manifested in the NW part of the Bo
hemian Massif equally by volcanic activities [Kopecký et a1. 1 963]. In the region of 
the Děčínská vrchovina Highland,  the oldest Upper Oligocene phase of volcanic ac
tivities includes probably the Holý vrch Hill (529 m) situated SSW from the Děčín
ský Sněžník Mountain. The Miocene volcanites are situated only eastwards from 
the Labe, where they often form marked elevations. Large intrusions of volcanic 
rocks into Cretaceous secliments 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 ,  Ploučnice and Kamenice Rivers , were 
formed in connection with the Miocene uplift of the Lusatian Ridge along the 
Lusatian Fault [Gregor 1959 ; Gregor ancl Tesařík 1959] . In the Pliocene and in the 
Quaternary, the Ploučnice River got antecedently cut into the volcanic rocks of the 
České středohoří 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 1 964; 1 967 ;  Balatka and Sládek 1 978] . 

S tructural-denuclational planation surfaces of the Arnoltická vrchovina Highland 
in altitucles above 280 m acting as watershed table ridges of subsequent L abe courses 
are relics of the Pliocene rel�ef between Děčín and Hřensko [Kalvoda and Zvelebil 
1 983a,b) .  The Arnoltická 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 Brtníky, the Růžovský 
vrch Hill up to the Růžový hřeben Ridge northwards from Děčín has a synclinal 
character. Oscillations of the Cretaceous sediments thickness , due to local condi
tions of their sedimentation clo not exceed tens of metres. Westwards from Dolní 
Žleb, sandstones are bedded quasi-horizontally, their tectonic inclination, mainly 
of 2 to 4° to NNE,  is nevertheless clocumented 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 L abe banks , the primary assymetry of the 
antecedent valley should be taken into consideration [Lamprecht 1 935; Kalvoda 
1980  and others] . The left-bank west block of  the Děčínská vrchovina Highland 
has been probably uplifted in its middle and northern part less than the block of 
the Labe margin of the Arnoltická vrchovina Highland. The main stages of these 
uplifts occurred in the Upper Pliocene and in the Lower Pleistocene , when the L abe 
incision into the Mesozoic block sandstones and their crystalline basement reached 
minimally the depth of 300 rn. 

The graded to mildly undulated relief of the Děčínská vrchovina Highland region 
was formed in 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 wanll interglacial periods led, together 
with tectonic uplifts , to a progressive deepening of the Labe and of its affiuents and 
to the present-day canyon valleys development. 

3. FLUVIAL SEDIMENTS AND LABE TERRACES IN 

THE NW PART OF THE BOHEM lAN HIGHLAND 

\Vith some exception , river terraces in the Labe canyon are not maintained in 
t.he Děčínská vrchovina Highland. For that reason, attention was paid also to the 
Labe valley in the N part of the České středohoří Mountains. In the observed seg
ment of the Labe valley, Ruvial sediment occurrences were divided into 7 terrace 
groups (Fig. 2) . The highest situated gravels of a varied petrographic composition 
are maintained near Budov (a1titude of 320 m, relative height above the Labe level 
188 m, Hibsch 1 904a,b; Král 1 966) . According to our findings , quartz and basalt 
boulders occur only rarely in deluvial sediments on the basalt mass platfonn at alti
tude 3 1 3  to 3 14 m .  Stratigraphically important occurrence oftl.uvial secliments near 
Stříbrníky has the denuded sllrface of sands and gravels of Ohře origin at altitude 
275 to 265 m ( 142 to 1 32 m of relative height). After the paleontological finding 
of a tooth of the elephant Archidiskodon meridionalis [Liebus 1 929], this locality 
was linked to the Lower Pleistocene . The high position of those sediments was 
explained by tectonic uplifts of the territory [Engelmann 1 938 ;  Král 1966; Šibrava 
] 972] . After a reexamination of the paleontological findings , these sediments are 
considered as being of the Upper P1iocene age [Kočí et a1. 1 9 9 1] .  

The Upper Pliocene age is linked also to the fluvial sediment s near the Labe 
canyon edge neal' Belveder by Labská Stráň in the Děčínská vrchovina Highland 
[Beck and Hibsch 1 895; Grahmann 1933]. These mostly quartz and quartzite grav
els contain the rock material of the P loučnice and Vltava region origin [Klein et 
a1 . 1 967] .  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 .5 m in the longer axis . A small terrace plateau of a size approximately 
1 30 x 90 m at the right bank edge of the Labe canyon is situated at tbe foot of 
the Pliocene valley right slope 1 0  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 aŤ. the l evel of the 
Pliocene terrace base. This plateau is deepened more than 50 m into the l evel of a 
marked structural clenudational plateau with tbe geodetical point 346 m southwards 
from Labská. Stráň. If the sediments are stratigraphical1y identical with those of 
Stříbrnice, the altitudinal position of the Belveder sediments (296 to 293 m, resp. 
1 78 to 175111 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 
valIey bottom .  
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FIG. 2 .  Longitudinal profile across the Labe terraces between (lstí nad Labem and 
Hřensko. Z-planation surfaces, II . , . Vlh - Huvial gravels and river ter
races of the Pliocene and the Quatenlary agej n - alluvial plain levelj h -
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While the Stříbrnice loca.1ity hnks in its latitudinal profile to the Ohře terrace 
II in the Most Basin [Balatka 1995J, the occurrence of lower situated sandy gravels 
at the 1'1ariánský vrch Hil] in Ústí nad Labem (256 to 250 m ,  resp . 1 23  to 1 17 m 
of relati ve height.) corresponds in the Most Basin to the terrace 12 ( the Vysočany 
one) , considered equally as of the Upper Pliocene age [Tyráček et a1. 1 985J. 

A contribution to the solution of the question of the foundation period of the 
Labe valley in the České středohoří Mountains and in the Děčínská vrchovi-ft08s High
land  are the findings of rocks and minerals (for instance Krkonoše Mountains cha1-
cedonies and aucarites ,  the Brdy Mountains ferrous quartzites and moldavites) 
evidentl.y of Bohemian Massif origin in the Labe sediments in the neighbourhood 
of Dresden considered as Upper Miocene [Rost et a1. 1 979J , or Pliocene ones [Ge
nieser 1 962 and others] . These fiuvial sediments probably correspond to A terraces 
of Grahmann ( 1 933 )  and Engelmann ( 1 938) and at present they are assigned to the 
upper part of the Lower Plíocene [Bouška 1 994;  Bouška et a1 . 1 995] . 

Thc a1titudinal p osition of the so-called postvolcanic planation surface in the 
České středohoří Mountains (375 to 650 m ,  [Král 1 966])  indicates that the Labe 
valley was founded there probably in the Upper Miocene ,  or possibly in the Lower 
Plíocene, that is before the beginning of inLensive differentiated uplifts of the České 
středohoří Mountains neovolcanic horst . At present , the Labe valley is incised into 
the lowered zone between differently uplifted blocks . Equally in the territory of 
the Děčínská vrchovina Highland ,  the Labe took the position of the lowest situated 
sandstone blo ck at the contact of  the Dolnožlebská and the Arnoltická vrchovina 
Highland, and before the period of the main tectonic movements , [comp. Moscheles 
1 920] .  

Arnong the evident Pleistocene terrace levels , besicle the valley Labe terraces 
only t.he lIIr d  terrace [Král 1 966], the so-called Neštěmice one of Sibrava ( 1 972) , is 
continuously developed. The gravel surface is situated maximally 80 to 85 m above 
the ri vel' (l ILI) , locally a 5 to 7 m lower erosion level (III2) is developed .  The terrace 
sediments are maximally 27 m t.hick [Růžičková 1 968]. The stratigl'aphically key 
locality in Děčín (near the hospital , Foksche Hohe) with a significant group of beds 
of pl'oluvial , glacílacustrial and Ruvial sediment s corresponds, according to Šibrava 
( 1 967 , 1 972) , 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 inclicates a relatively low level of the old valley bottom at the height of 40 to 
50 m above the present-day water level . The position in the lateral profile proves 
that the localities of the I IIrd terrace have not been affected by evident tectonic 
movelnents. 

The IVth terrace includes gravels only in Ústí nad Labem - Střekov at altitude 
1 8 8  to 1 79 m (55 to 46 m of relative height) . Exceptionally, sediments of the Vth 
terrace - the Nebočady one according to Šibrava ( 1 972) - with the surface in Ústí 
nad Labem - Střekov at 42 m, are also maintained near Nebočady 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, Šibrava 1 972).  The Vlth 
terrace ( the Ústí one according to V. Sibrava 1 972) o ccurs sporadically with the 
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surface at 20 to 24 ln and the basis 16 to 18 m above the river [Růžičková 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]. Hs geomorphological 
shape is therefore younger than the Elster glaciation. 

The continuously deveIoped terraces of the VIIth group are characterized by ?t. 
compEcated structure. The highest.level (VIII) with the surface at 1 0  to 13111 above 
the river corresponds t.o the main terrace of Růžičková (1978) and the Travčice 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 (Wurm) age . 

The base of the terrace VIII is situated, according to drills, mostly 3 to 4 m 
under the river level ; the rock basement of the terrace VII2 has two levels - the 
higher one at 7 to 9 m and the lmver one at 10 to 14 m under the ri ver level. In rare 
cases, the chiUs discovereel a seeliment base uneler the terrace VlIl level nearly at 
the level of the deepest position of the terrace VII2 basis. The lowest positions of 
the base are developed in the overdeepenecl furrow, the genesis of which is probably 
connected with the intensive erosion after the retl'eat of the Saale glacier, when, 
after accumulation of gravels of the VIth terrace, the valley got deepened by 35 m 
at least . Coarse to b oulder gravels of the basal positions of the furrow :filling contain 
mainly rocks of local origin. The earlier authors [Hibsch 1899, Grahmann 1933 and 
others] supposecl that Wi.irm gravels under the Holocene alluvia l ay 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 Lab e  canyon , 
that is , in places, w here the river gets incised into the Cretaceous sedimentary rock 
crystalline b ase. The Labe water-level inclination in the 7 km long segment belleath 
the Ploučnice mouthing is 0.7 1 100' in the lower s ituated segment only 0.25%0 ancl 
above the Ploučnice mouthing 0 . 38%0' 

4 .  THE ORIGIN OF THE LABE CANYON-LIKE VALLEY 

The geomorphological analysis discovered in the Labe canyon-like valley relics 
of erosion-clenuclational levels, the bases of which can be  interpreted as partial level 
of the river network deepening in the Quaternary [Kalvoda ancl Zvelebil 1 983a,b; 
ZvelebilI 989] .  This erosion-denuclational levels have only local signi:ficance, when 
evaluatecl with the help of the relat.í ve heights above the present-day valley b ot tom. 
The comparison of the position of the erosion-clenuclational levels relics between 
Děčín ancl Hřensko with the Labe terrace system between the Bílína ancl the Ka
menice River mouthing, ancl with the other Quaternary geological data, offers, 
nevertheless , relatively reliable information about the course of the l'iver netwol'k 
deepening in the Děčínská vrchovina Highland [Balatka and Kalvod a  1 995]. Retain
ing pro:files were elaborated in that sense mainly in the W part of the Arnoltická 
vrchovina HighIand between the mouthing of the Studený potok Brook and the 
Such á  Kamenice Brook , that is on the Tight side of the middle part of the Lab e  
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valley. The conelation of the geomorphologlcal situation with the engineering geo
logical conditions has shown in additLon [Kalvoda and Zvelebil 1 9 89; Zvelebil 1989] 
that the presently active deeply founded sli ding slope movement.s and occasional 
catastrophic rockfalls occur in tne belts with relics of fossil disintegrated masses of 
destructionallalldforms of the progressively enlarged Labe valIey. 

In the Upper Pliocene, the Arnoltická vrchovina Highland between the Suchá 
Kamenice and the S tudený' potok Brooks had a mildly undulated relief with a more 
marked elevation of the b asa1t knob of the Arnoltický vrch Hil I .  The lowest level 
of t.he basalt planation surface represents the erosion-denudational level A, the 
lower part of which corresponds to the ba. sis of the Huvial terrace I I  accurnulation. 
The relíc 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 Labská S tráň .  
The Labe deep-side erosion, followed by back-side erosion of the subsequent wat.er 
COUl'ses , started only after the terrace h deposition , which could also have come 
from the right-side Labe affluents in the Děčínská  vrchovina Highland. In the 
Upper Pliocene, the Labe somehow passed more northwards than in the Quaternary, 
probably across the territary of the Kripenbach Brook lower course. 

In the IJabe valley segment between the Studený potok Brook and the Suchá 
Kamenice River , there are maintained on the slopes other relics of partial levels 
of river deepening in the foJlowing way (see Fig. 3 ): base of erosion-denudational 
level B at altitude 252 m, 1 34 m of relative height; level C - altitude 226 m, 108 m 

. of rel .  h.; level D - altitude 2 10 m, 92 m of rel . h.; level E - altitude 1 8 1  m,  6 3  m of 
rel. h .  and level G - altitude 102 m, - 1 6  m of rel . h .  above the river surface . On 
the accumulation lanclforms, there are probably relics of the temporary river valley 
bo ttom of the level Fo at 148  m, resp . at 30 m; of the level F at 1 3 1  m resp . at 1 3  m 
and of the level G +  1 at 1 1 6 m of altitude and at - 2 m of rel . h. 

Probably at the end of the P liocene , the Labe cut into the level of 1 34 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 12 was 
originated with a maintained surface at 1 2 3  m of relative height near Děčín. At that 
time,  the Labe valley was probab ly partially gravelled. The terrace 12 downstream 
of the Labe COUI'se significantly diverges from the alluvial pIain and with younger 
terraces . I t  proves the assymetry of the tectonic uplíft amplitude with its maximum 
in the SE part of the Děčínská vrchovina Highlalld [comp. Grahmann 1 933] .  

In the Tegelell, the Labe was probably incising allcl reached the base of the 
erosion-denudational Ievel C (that is 108 m of rel . h . ) ,  later at the b ase of the 
erosion-clelludation level D (92 m of rel . h . ) .  This base corresponds to the level 
of the fauIt caves bottom northwards from the Belveder site near Labská Stráň 
[Kalvoda and Zvelebil 1 989] .  After the stage of deepening , the Labe valley was ,  
during the Lower Giinz , gravelled in a thickness exceeding probably 20 m,  which 
corresponds in the neighbourhood of Děčín to the river terrace I I  with its surface 
at 2 20 m. 

Before the formation of the lUrd terrace, the Labe reached through deep-side 
erosion the level of the base of the erosion-denudational level E (64 m of rel .  h.) 
and later even the level of 43 m of rel .  h. (near Děčín the altitude of 1 65  m ,  
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FIG.3. S cheme of er osion denudational zones of the midcUe par t of the Labe canyon 
valley (m odified accor ding to Kalvoda and Zvelebil 1983a ,b; Zvelebil 1989): 
Explanati ons: 1 - 3 Upper Cretaceous sandstones, Iocal siltstones: 1 - C eno
manian (C), 2 - Lower Turonian (tl ) ,  3 - Middle  Tur onian ( t2); 4 - fault 
zone; 5 - 10 destructionallandf orms: 5 - belevelled surface of Pli ocene age 
under the f orm of denudational plateaux wi th an inclination of O to 2 ° ,  6 -
nůld denudational  slopes wi th a n  inclina tion of 2 to 5° , 7 - erosion denuda
tional slopes wi th an i nclination superior to  5° ,  8 - overdeepened Labe bed 
bottom, 9 - step-type r o ck r elief , 10 - ar ticulated disintegrat ed r ock r elief; 
1 1  - 1 3  - accumulation landforms: 1 1  - river terrace of Pli ocene age,  12 -
allllvial plain, 13 - slope sediments and accU1l1ulations of subr ecent and re
cent r ockfalls; 14 - identification all d ver tical extent of er osi on-denudational 
zones, 15 - base of fissur e  and fault cave systems . 

the terrace I base according to Grahmann 1933, equally Sibrava 1 972) . 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 S ibrava's interpretation ( 1 972), the nearly 30 m thick accumulation of the lIIrd 
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 
EIster , the maintained terraces IV and V were formed between Litoměřice and 
Děčín . 

A geomorphological ly very significant stage of deep erosion went on during the 
Holstein interglacial . The canyon valleys of the Labe affiuents 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 
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the val leys ' 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 Děčínská vrchovina Highland got cut on the basis of the erosion-denudational 
level G even upto 1 6  m below the present-day river level . 

The accumulation of the VIth terrace is connected with the Drenthe stage and 
that of the terr ace VII 1 (wi  th i ts base at 3 to 4 m b elow the r i  ver level) wi th the 
TNarthe 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 (30 m of rel . h . ) and F (8 to 1 8  m of rel . h . ) 
modifying accumulation landforms . The model1ation of the valley was also largely 
due to the lateral erosion and slope movements . 

Cryogenic ancl periglacial modelling processes were again prevail ing in the Weich
sel glaci atioll period (Wiirm) . At the same time, the sedimentation of the rivel' 
terrace VI I2  went on. After depositioll of these terrace sediments there came a 
period of deep-sicle erosion that reached the level approximately 1 m below the 
present-clay Labe river surface. On the base of this erosion-denudatiollal level 
G + 1 ,  there are Holocene gravels or alluvial plain sands and soils with the surface 
at 1 to 6 m of rel . h .  D uring 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 NvV 
part of the Bohemian Massif is undoubtedly its repeated filling up by Buvial, slope 
and other sediments of Quaternary age of a thickness of several tens of metres . 
During the maill stages of the river erosion , these sediments, including landslide 
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 Děčínská v rchovina Highland 
continue at present, too. 

5. CON CLUSION 

The relics of the Neogene relief, mainly the structural denudational planation 
surfaces, are mailltained in the monitored part of the Děčínská Highland up to an 
altitude of 346 m .  During the deepening of the Labe and of its affiuents due to the 
secular tedonic uplift of the Bohemian Massif, there was , since the Pliocene, an 
influence of the morphostrudural pIan of fauIt zones in the Mesozoic sedimentary 
rocks. The chronodynamics of the deveIopment of this part of the Labe canyon 
valley is shown in Tab. 1 .  

This scheme indicates that the deep-side erosion of the Labe r iver network i n  
the Děčínská vrchovina Highland had already exceeded 50 m in the Pliocene .  S ince 
the fOrITlation of the terrace h near Labská Stráň, the Labe got deepe ned by a 
further 1 80 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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P H OTO 2 .  Sandstone block (volume 310 m3 )  that stopped only several doz ens 
of metres above the Děčín - Hřensko r oad duríng t he catast ropruc 
ro ckfall in 1978. 
P hoto: J. Z velebil. 

Nevertheless , the principal question is tbe evaluation of tbe cbronodynamics of 
those phenomena ( including absolute dating, [comp . Záruba et al . 1 977; Tyráček 
et al . 1 985 ;  Kočí et al . 1 99 1 ;  Tyráček in Klomínský 1994 ;  Balatka 1 9 95] ) and its 
interpretation in the context of the paleogeograpbical development of the Bohemian 
Massif and of the region of the North-European continental glaciation in the Qua
ternary. Fro m  the presented results of the geomorphological analysis it follows that 
i t  is necessary to perfonu 1 )  clating of terraces I I  and h with their surfaces at 178 m 
and 1 23 rn respectively above the present Labe level ; 2) determination of tbe period 
of origin of the base and of the accumulations of the IIIrd river terrace secliments 
and their tirne correlation with the stage of progression of the continental glacier 
in the Lower Pleisto cene ; 3) a more precise determination of the time and phases 
of the marked deep-side erosi on since tbe Holstein to the Eem interglacial ;  4) con
firmation of the tirne correl ation of the river terraces VI and VIII formation with 
the stages of the Saale glaciation . 
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TA B LE 1 .Course of the antecedent deepening of the Labe 
canyon-like valley in the Děčínská vrchovina Highland  

Stratigraphic 
period accor
ding to the 
continental 
(Alpiue) cJ as
sification 

Pl io cene 

Tegelen 
(Donau 1 )  

EbuTon 
(Donau 2) 
Wal l 
Menap 
( Gunz 1 )  

Bavel 
(G iinz 2 )  

CrOlTler 
(Gunz/Mindel) 

Elster 1 
(NIindel 1 )  
Elster 2 
(Mindel 2) 

Geological 
age 
(in 10 6  yr) 

- 5 . 30 -

- 1 . 80-

- 1.64 -

- 1 .05 -

.- 0 .85 -

- 0 . 55 -

- 0 .47 -

- 0 .43 -

Chronodynamically significant data about 
the Labe valley relief development 
in the Děčínská vrchovina Highl and 

Denudation of Turonian sandstones on the surface 
of the » basaltic" planation surface in conditions 
of warm humid climate .  
Formation of the river accumulation te'rrace A 
with its surface at 188 m ancl its basis at 1 83  m 
of relative height (resp . surface/base figures below) 
near Ústí nad Labem. 
Base of the erosion-denudational level A ,  175 m 
of rel .h . (all details from the region between Suchá 
Kamenice and S tudený potok Brooks) . 
Formation of the terrace I I  ( 1 42/ 1 3 2  m neal: 
Ústí nad Labem, 178/ 1 75 m near Labská Stráň) . 
Base of the erosion-denudational level B ,  
1 34 m of rel . h .  
Forma.tion of the terrace l z  ( 1 23/ 1 1 7  m near 
Ústí nad Labem) . 
Secular tectonic uplift and progressive cooling 
of the clima.te .  
Base of  the erosion-clenudational level C ,  
1 08 m of  rel . h . ,  a.ncl D ,  92 m of  rel . h .  
Formation of the terrace II ( 97/ 8 1  m near 
Ústí nad Labem and 85/80 (?) m near Děčín ) .  
Base of the erosion-clenudational level E ,  
64  m of  rel . h .  
Formation of the terrace l I l I  ( 82/62 m ne  ar 
Ústí nad Labem , 8 1/58 (43) m near Děčín) . 
Warm spell and humid climate in the interglacial , 
stage deepening of the Labe and its afiluents . 
Formation of the terrace lUz ( 75/62 m near 
Ústí nad Labem,  73/58 (43) m near Děčín) . 
Formation of the terrace IV ( 55/46 m near 
Ústí nad Labem) . 
Formation of the terrace Vl (42/27 m near 
Ústí nad Labem ,  37/32 m near Děčín) ancl V z .  
Strong deep-side erosion with progressive Labe 
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H oIstein 
(Mindel/Riss) 

Saale , stage - 0 .30 -
Drenthe ( Riss 1 )  

Saale, stage 
V/arthe (Riss 2) 

Eem 
(Riss /W unn) 

- 0 .20 -

- 0. 1 3 -

Weichsel , - 0.10 -
early and 
high 
(Wurm 1 , 2 )  - 0 . 04 -
Weichsel , late 
(Wurm 3) 

- 0 .0 1 -

Holocene 

- 0 . 00 -

deepen ing up to the present level of the river 
bottom; activation of slope movements on the 
valley slopes . 
Formation of the terrace Vll (24/ 16  m near Ústí 
nad Labem) , the terrace Vl2 lS not maintained. 
The region of the Děčínská vrchovina Highland  
i s  the foreground of the continental glacier , 
strong infiuence of per iglacial processes . 
Formation of the terrac.e VIII ( 1 2/-2 m near 
Ústí nad Labem, 13/-3 m near Děčín). Base of 
the E:rosion-denudational level G, - 16  YD of rel . h. 
between the Studený potok Brook and Hřensko.  
After gravelling of the valley, bases of the 
erosion-denudational levels Fo and F, 30/ 13  m 
of rel.h., were formed on accumulat ion landforms. 
Considerably warmer and humid climate of i nter
glacial, intensive transport of Quaternary 
sediments , erosion , slope movements. 
Formation of the terrace Vlh (B/- I0 m near 
Ústí nad Labem ,  B/- 14 m  near Děčín) . 
Base of the erosion-denudational level G+ 1 ,  
-2  m of rel . h .  
Slope developement iu. the per iglacial climate ,  
later progressive warming. 
Formation of alluvial accumulations (4/ -3 m near 
Ústí nad Labem and Děčín). 
Frequent rockfalls and landslides . Occasional 
seclimentation , especially since the Atlantic period ,  
of inundational soils and sands, anthropogenous 
modelling of the relief. 
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CHRO N O DY N A M I KA V Ý V O J E  Ú D O L Í  L A B E  V 
D Ě č íN S K É  VRCHOVI N Ě, Č E S K Á  RE P U B L I K A  

Jan K ALV ODA a Břetislav B ALATKA 

V plei sto cénu byla D ěčínská vrchovina opakovaně sou částí předpoli kontinentálního ledovce, 
kt erý v obdobích maxillláhlÍch p ostupú zasahoval až na severIÚ okraj Českého 11lasivu.  Rekon
s t rukce chronodynamiky reliéfotvorných pro cesú a j e vů při vývoj i údolí Lab e v mladš ím keno
zoiku je založen a na geomorfologické anal ýze sledované části Děčínské vrchoviny a na jej í  korela.ci 
s terasovým systémem La.b e ulezi ústím B iliny a Kamenice a s dalšími k vartérně geologickými 
údaj i . 

Při zahlubování říční sítě do kerně rozlámaných křídových serumentú Děčínské vrchoviny se 
erozní svahy vyvíj ely na úkor plochy zarovnaných povrchú neogenruno stáři. V mladším pliocéml 
byla na mírně z vlněn:)' reli éf uložena aluviáhú terasa ll , jejíž relikt s p ovrchem 1 78 111 relativní 
výšky se zachoval nad okrajem labského údoli u osady Labská Stráň. Patrně koncem pliocénu se 
Lab e zařízlo na úroveú 1 34 III rel . v. nad současnou hladinou, která je dnes II Hřenska ve 1 1 7  ln ll .m .  

V prategelenu (donau) vznikala akumulační terasa 12 se zachovaným povrchem ve 1 23 In rel. v .  
11 D ěčína .  V tegelenu se Labe zahloubilo pravděp odobně a ž  na 92 ID rel. v .  a V e  starším giinzu 
vznikla říční terasa II ,  j ej íž povrch j e  v okolí Děčína 220 m n.m . Před vznikem III. t erasy dosáhlo 
Labe erozí úroveú 43 m rel . v .  Téměř 30 m mo cná říční terasa III byla vytvořena patrně v obdobích 
zahrazení toku Lab e pevnin ským ledovcem u Míšně v menapu a v 1 .  fází elsteru (núndel) . 
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V holsteinském interglaciálu působila monologicky velmi výrazně hloubková eroze, která pokra
čovala v několika etapách i během sálského zaledněni. Proto již v eemském interglaciálu bylo dno 
ůdolí Labe v Děčínské vrchovině až 1 6 m pod dnešni hladinou řeky. Zachované relikty akumulace 
VI.  terasy souvisí se stadiem drenthe a terasy VlIl (s bází 3 - 4 m p o d  hladinou řeky) se stadiem 
warthe sálského zalednění. Tyto fluviální sedimenty byly v teplejších obdobích erodovány. Během 
viselského zaledněni (wurm) proběhla sedimentace terasy VII2 . Následující etapa hloubkové eroze 
dosáhla úrovně přibližně 1 m pod současnou hladinou Labe.  Na tuto bázi byly uloženy holocenní 
š těrky a písky údohú nivy. 

Při hloubkové erozi probíhalo v kvartéru na odkrývaných skalních masivech piskovců Děčínské 
vrchoviny intenzivni zvětrávání. Převážně podél ploch diskontinuity vznikaly svahové pohyby, 
které na některých lokalitách pokračují i v současné době. 


