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Abstract

Three fluvial series have been distinguished in the Upper Nysa Depression, Ktodzko Basin, central Sudetes. The oldest,
the Cerveny Potok series, of probable Late Pliocene age, contains fluvial facies, mainly gravelly but also sandy and silty.
It is quartz-rich and characterized by strong chemical decomposition of gneiss clasts. The Lichkov series, of probable
Early to early Middle Pleistocene age, contains similar lithofacies to the Cerveny Potok series, with locally abundant
debris-flow deposits. The Boboszow series, of probable late Middle Pleistocene age, consists of a monotonous series of
fluvial gravels. The pebbles in both, the Lichkov and Boboszow series are gneiss-rich and are characterised by a lack of
significant chemical clast decomposition. The coarse-grained fluvial sediments of the southern part of the Upper Nysa
Depression were mainly deposited in gravel-dominated braided rivers of Donjek and Scott type, and locally on alluvial
fans. The material was transported from N or NE to S or SW, with the source area only in the adjacent metamorphic
massif, despite the fact that the series lie on Late Cretaceous rocks. The studied area constituted a small intramontane
depression subjected to limited subsidence, surrounded by episodically active faults. The variability of sedimentary
process reflected climatic changes rather than tectonic activity. The northern part of the studied area, which now belongs
to the Baltic Sea drainage area, was drained to the south, either to the North or Black Seas, during the Late Pliocene to
Middle Pleistocene. The capture of this area by the Nysa Kiodzka river took place in the Late Pleistocene as a result of
upstream erosion reflecting glacio-isostatic rebound and fault activity after the early Saalian glaciation.
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INTRODUCTION

There is little data on the preglacial, Pliocene to Early
Pleistocene, deposits of the southern part of the Upper
Nysa Graben, with the most recent presentation only on
geological maps and in explanations to them (Sawicki &
Radwanski, 1957; Svoboda & Chaloupsky, 1961). In older
works, the preglacial sediments of this area were described
very roughly, always as a part of a general description of
the whole Sudetes (Leppla, 1900; Tietze, 1901; Meissner,
1911). However, preglacial sediments have been described
from areas north and south of the Upper Nysa Graben, in
the northern part of the Klodzko Basin and in the Sudetic
Foreland (Jahn er 4, 1984; Krzyszkowski er a4l., 1998;
Przybylski er al., 1998), and in the Upper Moravia Graben
(Hornomoravsky Uval) (Ru icka, 1973, 1989).

This paper presents so far the first detailed strati-
graphic and sedimentological analysis of the preglacial de-
posits of the Upper Nysa Graben. The main purpose of
this work is to describe the sediment stratigraphy and to
reconstruct the sedimentary environments and ancient
drainage patterns. Finally, the paleogeographic evolution
of the area during the Pliocene and the Quaternary will be
discussed in relation to adjacent areas. The studied area,
which has about 55 square kilometre area, is situated on
the Polish/Czech border, between Kraliky and Migdzyle-
sie. It lies in the southern part of the Upper Nysa Depres-
sion, a part of the Klodzko Basin in the central Sudetes

(Fig. 1).
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MORPHOLOGICAL AND GEOLOGICAL SETTING

The Upper Nysa Depression comprises three mor-
phological units in its southern part: the Miedzylesie Up-
land in the north; the Kraliky-Lichkov Lowland in the
middle; and the Stity Depression in its southernmost part.
The whole area constitutes itself as a long, narrow (ca 5-15
km) and relatively flat zone, surrounded by mountain
ranges and separated from them by steep and distinct mor-
phological scarps up to 300 meters high. The Upper Nysa
Depression is between 450 and 600 m a.s.l., whereas the
surrounding mountain ranges reach 800-1425 m a.s.l.

Despite being a morphological depression, the area is
crossed by the main continental watersheds and therefore
belongs to three different fluvial basins. The Miedzylesie
Upland is drained to the north by the Nysa Kiodzka river,
a tributary of the Odra river, to the Baltic Sea; the
Kraliky-Lichkov Lowland to the west by the Ticha Orlice
river, a tributary of the Elbe river, to the North Sea; and
the Stity Graben to the east by the Brezna and Morava
rivers, tributaries of the Danube river, to the Black Sea.

The Nysa Klodzka river and its tributaries flow in
relatively narrow valleys, up to 50 meters deep, which dis-
sect the flat surface of the Miedzylesie Upland. The valley
floor is eroded into the Cretaceous rocks and partly filled
with Holocene alluvial deposits. The Ticha Orlice river
valley is shallow and wide, often with extensive swamps
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Fig. 1. Location of the studied area in the Upper Nysa Depres-
sion, Kodzko Basin, central Sudetes Mts.

and muddy alluvial deposits on floodplains, and does not
constitute any significant element of the relief in the
Kraliky-Lichkov Depression. These systems differ from
each other in their drainage pattern: the Nysa Kiodzka sys-
tem is asymmetric, with parallel streams trending NE-
SW; while the Ticha Orlice system is almost radial, with
streams flowing from NE, E, SE and S. The drainage den-
sity is much larger in the Nysa Klodzka system.

The Upper Nysa Depression is a morphological unit
which is entirely contained within the tectonic Upper
Nysa Graben, filled with Upper Cretaceous sediments.
The graben is bounded by a system of NE-SW and N-S
faults, which separate it from the metamorphic units of the
Bystrzyckie and Orlickie Mountains in the west and from
the Snieznik metamorphic massif in the east (Fig. 2). The
total thickness of the Cretaceous series is about 900 m. The
sediments are mainly Turonian pelites of varying, calcare-
ous-siliceous-clay-quartzose composition, and less frequent
sandstones at the base of the Cenomanian to Early Turo-
nian and at the top of the Late Coniacian to Santonian.
Generally, grey marls and shales dominate in the studied
area. Metamorphic rocks are represented by gneiss and lo-
cally by schists, quartzites and amphibolites.

A cover of Late Cainozoic deposits, mainly of fluvial
origin (but in places also slope deposits) is common in val-
leys in the whole area, but is never more than 20 meters
thick and usually less than 3 meters thick.

The present-day river valleys are filled with Late Pleis-
tocene and Holocene alluvial deposits. The Late Pleisto-
cene deposits, most probably of Weichselian age, are repre-
sented by gravels of the Nysa Kiodzka river terraces and
alluvial fans of its tributaries. These gravels are generally
massive, sometimes with crude horizontal bedding. This
clastic material is poorly sorted, subangular and composed
mainly of gneissic clasts, with a significant admixture of
large angular clasts of Cretaceous sandstones and mud-
stones. The Holocene deposits are represented by contem-
porary valley floor deposits (floodplain), mainly gravel
and sand, and sometimes silt. Generally, in contrast to the
Late Pleistocene gravels, the Holocene deposits are rich in
Cretaceous material.

Besides the late Quaternary deposits in the valleys,
there are other fluvial gravels in the region. They are situ-
ated in watershed position, in places over 100 m above the
present-day valley floor and are underlain by Cretaceous
or metamorphic rocks (Fig. 2). A detailed description of
these deposits is the main purpose of this paper.

METHODS

The field study was concentrated on the geological
mapping and description and sampling of seven outcrops.
75 samples of gravelly and sandy material were collected
and then analysed in the laboratory.

Textural analysis was based on grain-size distribution
and grain morphology. Grain-size data (40 samples) were
plotted on histograms and cumulative curves, from which
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percentage of main classes was calculated. The main statis-
tical parameters were computed: median grain size and
quartiles, sorting coefficient (Q3/Q1; where Q3 and Q1 are
quartiles and Q3> Qy), standard deviation, skewness and
kurtosis. Morphological features, i.e. roundness of grains
and grain shape according to the Zingg classification were
estimated for pebbles from gravelly deposits. Petrographic
analysis of clastic material (35 samples) was performed in
order to find differences in gravel assemblages and to de-
fine the source areas. Particles of different size were stud-
ied separately. Pebbles over 8 mm in diameter were taken
into account in a standard analysis and smaller particles,
down to coarse sand class (1-2 mm) were studied under the
binocular microscope to establish the degree of stability of

the material. Approximately 50-100 pebble clasts over 8
mm across were examined in each sample and 50 grains per
class in each sample of the finer material. Sand and granule
particles (1-2 mm, 2-4 mm, 4-8 mm) were classified into
three categories of stability: A1 - unstable (e.g. mica schists,
sandstones, mudstones, micas), A2 - moderately stable
(mainly gneisses, feldspars, quartz/feldspar aggregates), A3
- very stable (mainly quartz, and quartzite) and coeffi-
cients of the petrographic stability were calculated: S =
(A1+2A2+3A3) / N ; where N is the total number of
grains in the class (Grodzicki, 1989).

Structural analysis of the sediments was carried out in
the field, where lithofacies were described according to
Miall (1985). Palaeotransport directions were measured in
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two different ways, axes of preferred orientation of peb-
bles and imbricate structures and orientaion of troughs. In
total, the orientation of 194 pebbles was measured. The

orientation is usually scattered but the azimuth is deter-
mined on 10 performed diagrams.

TEXTURAL CHARACTERISTICS OF SEDIMENTS

The analysed preglacial sediments are polymictic
gravel dominated, with an average composition of 65-75%
gravel-sized material, 20-30% sand-sized material and less
than 5% fine particles (Fig. 3, Table 1). Sediments with
larger contents of gravel-sized grains are less common.
Sandy sediments, locally interbedded with gravel, contain
various amount of pebbles (5-30%), and very often, they
include a large admixture of silt (20-30%). In some sec-
tions, silty sand beds (>30% of silt), with individual peb-
bles, and in other sections mud beds (> 65% of fine parti-
cles) are present. The gravels are usually moderately well-
sorted and clast-supported, but thick beds of matrix-sup-

ported gravel are also present, particularly in lower parts
of the sequences.

The pebbles are usually blade-shaped, which is con-
nected with the dominant petrography of foliated gneiss
and schist. Only the quartz and quartzite pebbles are
equant or tabular. The predominance of spherical pebbles
in some sections is simply connected with the lithology
and maturity of the gravelly material. The gravel clasts are
usually angular to subangular and exceptionally sub-
rounded. Gneiss pebbles are generally better rounded than
quartz pebbles.

PETROGRAPHIC COMPOSITION

All the analysed sections contain similar pebbles. The
clasts are only of local provenance and there is no doubt
that the source area is in the surrounding metamorphic
Snieznik and Bystrzyckie Mts massif (Fig. 2). The main
component is the Snieznik gneiss, light grey- and rose-col-
oured, foliated (but only slightly laminated) or augen. Less
common is the Gieraltow gneiss, biotite rich, dark, fine
laminated. Other metamorphic rocks are represented by
schists of the Stronie Formation, dark mica schists, with
relatively large feldspar contents, amphibolites, two types
of quartzites (light with muscovite and black with graph-
ite) and leptynites (leukogneiss, quartz-feldspar rocks).
Quartz pebbles, probably derived from veins in the gneiss,
are present in all the examined samples, but their content
is extremely variable. Feldspar pebbles (quartz/feldspar ag-
gregates were also included in this category) are usually
fine (max. 10 mm) and probably derived from feldspar
augens in gneiss. The content of Cretaceous material,
which forms the underlying bedrock (mudstone, marl,
sandstone), is surprisingly very low, even in the lowest
parts of the sequences, situated directly over the basement.
This anomaly may reflect the poor stability of Cretaceous
material, as only better cemented sandstone and fragments
of ferruginous concretions are represented.

The petrographic composition of the analysed sedi-
ments shows three different gravel assemblages, which de-
fine three sedimentary series. Two of them are gneiss-
dominated and one is quartz-dominated (Table 2). The
Boboszow series contains 67-90% gneiss and 2-15%
quartz whereas the Lichkov series contains 56-74% gneiss
and more quartz (11-23%). In both these series other types
of rocks occur in stable admixtures: feldspar up to 14%,
metamorphic rocks up to 8% and Cretaceous sedimentary
rocks up to 5%. In contrast, the Cerveny Potok series con-
tains 50-65% quartz and only 32-38% gneiss, while feld-

spar and Cretaceous rocks are absent.

In small fractions, the non-quartz grain contents defi-
nitely decrease (Table 3). The contents of quartz in granule
particles (2-4 mm) is approximately 25-50%, and in the
coarse sand fraction (1-2 mm) up to 35%-65%. The sand-
sized particles contain small fragments of siliceous marls,
and the matrix generally lacks clay minerals and calcium
carbonate.

There is a distinct difference in mean values of quartz
content in the analysed sediments, and therefore they may
be classified into three categories of material maturity,
which generally follow their subdivision based on the pet-
rographic composition: the Boboszow series is charac-
terised by 35-45% quartz grains (in 1-2 mm particles), and

Table 1
Average grain-size distribution characteristics
of lithofacies
average maxi- gravel- | sand- {silt/clay
di 8 | mum [standard sorting | sized | sized | -sized
iameter . . : ; ; .
diameter| devia- | coeffi- | grains | grains | grains
(mm) tion | cient |content|content |content
(mm) (o) | (%) | (%)
Gm 4.17 74 0.16 428 | 69.1 24.8 6.1
Gt 460 | 55 0.25 252 | 775 19.8 2.7
Gms 5.34 | 115 0.14 4.77 | 66.1 25.7 8.2
St 0.99 | 40 0.15 442 | 408 413 17.9
Se 0.75 | 20 0.12 6.04 | 3538 37.4 26.7
Ss&Sh| 035 | 12 0.32 2.29 | 109 70.5 18.7
fl 023 | 21 0.22 3.05 9.3 53.2 37.6
fm 0.14 4 0.26 2.44 6.4 26.2 67.3
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Table 2 Table 3
Average petrographic composition of pebles (> 8 mm) Average composition of coarse sand and granule class
grains
other [sandstone
quartz | feldspar | gneiss |metamor-|mudstone A3 A | Ar S A; | A | A1 S
phic (%) | (%) | () (6) | (%) | (%)
Boboszow series (%) 1-2 mm grains 2-4 mm grains
Boboszow 1 7.21 8.49 74.5 6.41 3.31 Boboszow series
Boboszow 2 - Boboszow
uper unit 15.38 10.99 67.03 4.40 2.20 1 38.50 | 47.00 | 14.50 | 2.24 | 32.65|55.90 | 11.45| 2.21
Lichkov 1 - 2.22 346 | 89.62 6.10 4.60 Boboszow
upper unit 2 —upper | 36.00 | 56.00 | 8.00| 2.28 | 28.90 | 68.33| 2.77 | 226
: unit
Lichkov 2 - 472 481 | 83.78 5.36 5.33 :
upper unit Lichkov
Average 7.38 6.94 78.75 557 3.86 1—.tupper 49.33 | 40.67 | 10.00| 2.39| 4571 | 4701 | 7.28 238
unt
Lichk ies (%
ichkov series (%) Lichkov
?oboszowZ— 2258 14.52 56.45 161 4.84 2—_upper 43.00 | 42.00 | 15.00 | 2.28 | 45.00 | 43.00 | 12.00| 2.33
ower unit unit
Kraliky 11.46 9.38 66.67 8.33 3.17 Average 4171 | 46.42 | 11.88| 2.30|38.07 | 53.56| 8.37| 230
Lichkov 1 - 1575 | 193 | 7106 | 822 | 3.05 Lichkov series
ower unit
Boboszow
{dlchkov_Z— 14.54 425 74.74 417 230 2—.10Wer 48.00 | 44.00 | 8.00| 2.40|27.67{68.37 | 396! 2.24
ower unit unit
Average 16.08 7.52 67.23 5.58 3.34 Kraliky 39.28 | 60.72 - 2.39 | 41.61 | 58.39 - 2.42
Cerveny Potok series (%) Lichkov
Cerven 1-lower |53.64|31.68| 9.13| 2.46|43.38 3631 | 12.67 | 2.39
4 64.65 - 32.32 3.03 - unit
Potok 1
Cerven Lichkov
Potoka 50.73 - 37.43 11.84 - 2-lower |57.69|32.37| 9.94| 2.48 {50.22137.34| 12.44| 2.38
unit
Average 57.69 - 34.88 7.44 -

an average S (petrographic stability coefficient)of 2.30. In
comparison, a pure quartz sediment has an S of 3.0. The
Lichkov series is characterizedby 40-55% quartz grains
and S of about 2.45; and the Cerveny Potok series by more
than 55% quartz grains, and an S of about 2.55 (Table 3).

Average |49.65|42.19| 6.77| 24340725010 | 7.27| 236

Cerveny Potok series

Cerveny | 5 50| 4250 | 1.00| 2.56 | 41.29 | 57.22 | 149 | 2.40
Potok 1
Cerveny | (15813092 7.50| 2.54 | 5400|3867 | 7.33| 247
Potok 2

Average 59.04 | 36.71 | 4.25| 2.5547.65|47.94| 4.41| 243

LITHOFACIES

The gravel facies Gm and Gt are undoubtedly the
most common in the studied sections, except the profiles
in Cerveny Potok. Units of Gm facies are over 0.5 m thick
and usually alternate with thinner lenticular Gt facies
units. The Gms facies accompanies the Gt and Gm facies
in almost all profiles, but is definitely less common. Vari-
ous sandy lithofacies (Ss, Se, Sh, St) and fine-grained litho-
facies (F, Fm) are present in very thin units, and are gener-
ally of minor importance (Fig. 3).

Lithofacies Gm

The Gm facies is represented by fine to medium,
sandy gravel. There is 65-75% gravel-sized and 20-30%
sand-sized material. The gravels are usually clast-sup-
ported, but partly rich in fine sand and silt matrix, and

massive or crudely horizontally bedded. Bedding consists
of several thin (<20 c¢m), fining upward sequences. The
average size of pebbles is less than 8 mm, but at the base of
each sequence cobble horizons (clasts up to 70-90 mm in
diameter) occur. Sorting is generally poor, with a sorting
coefficient of ca 4.3, but in some horizons it is moderately
good. Imbrication and preferred orientation of clast is well
visible due to the common bladed or prolate pebbles of
foliated gneisses. The pebbles are subrounded or subangu-
lar. The base of the Gm units is usually rough with scours
and troughs. Partly, in the upper parts of the Gm units,
very poorly sorted (coefficient ca 6.0), matrix supported
sediment occurs, that may be interpreted as sieve struc-
tures.

The Gm facies is commonly interpreted as the longitu-
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-5.6 -43 -23 00 20 4,1

Gm

crude horizontal bedding
partly massive structure
fining upward cycles
sieve structures
horizons of large pebbles
thickness over 0.5 m
*k%k
clast-supported
various (usually poor) sorting
max pebbles 70-90 mm
gravel-sized grains 65-75%

~

-63 43 23 00 20 4,1

Gt

crude cross bedding
erosional troughs
interbedding with Gm
thickness 0.2 - 0.5 m

clast-supported
good sorting
max pebbles 40-60 mm
gravel-sized grains 75-90%

-63 -43-23 00 20 4.1

Gms

massive structure
irregular pebbles concentrations
flow deformation structures
thickness over 1.5 m

matrix-supported
poor sorting
max pebbles 90-200 mm
gravel-sized grains 50-80%
significant content of mud

-63 43 23 00 20 4.1

Fm

massive structure
thickness ca 0.2 m
at the top of F1

well sorted mud
gravel-sized grains ca 5%
fine particles ca 70%

-

63 -43-23 00 20 4

St

trough cross bedding
in sets ca 0.2 m
fining upward
thickness ca 0.5 m
between Gm and Fl1

generally normal to poor sorting
partly good
max pebbles (singular) to 35 mm
gravel-sized grains 40%

6.3 -43-23 00 20 41

Ss

small-scale cross bedding
shallow troughs
interbedding with FI1
thickness ca 0.2 m
&k
good sorting
max pebbles (singular) to 15 mm
gravel-sized grains <10%

-63 -43-23 00 20 4,1

Se

massive structure
or crude cross bedding
large clasts at the base
shallow troughs
thickness ca 0.2 m

very poor sorting
max pebbles to 70 mm
gravel-sized grains 30-40%
significant contents of mud

Fig. 3. Main textural and structural characteristics of lithofacies found in fluvial deposits of the southern part of the Upper Nysa
Depression; facies code after Miall 1978, semi-logarythmic cumulative curves show typical examples of grain size distribution of the

lithofacies.

dinal bar deposit of a braided river, deposited in the upper

flow regime. Its strong link with the Gt facies in all the
investigated sections confirms this interpretation.

Lithofacies Gt
The Gt facies is represented by fine to medium gravel,

generally not coarser than Gm, but virtually containing

more gravelsized material (approximately 75-90%) and
less sand-sized grains (10-15%). The gravel is clastsup-

-63 -43 23 00 20 4,1

-63 43 23 00 20 4,1

Fl

fine lamination
partly small scale cross-bedding
thickness 0.2 - 0.5 m
*kk
moderately sorted fine sand
and silt
fine particles 30-45%
gravel-sized grains ca 5%

ported, well sorted (coefficient < 2.5) and without any
admixture of fine sand or silt. Fine gravel grains (2-8 mm)
dominate and, as a rule, the skewness of grain size distribu-
tion is positive (i.e. medium sized gravel prevails over
sand). The only sedimentary structure is crude cross bed-
ding in small erosional troughs (0.2-0.5 m deep, over 1.5 m
wide) which is clearly visible in all the sections. The fining
upward tendency is locally visible in the troughs, but gen-
erally the grain size is uniform in the whole sequence. The
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Gt facies is commonly associated with the Gm facies with
troughs often cut into the top of Gm units. Some lenticu-
lar concentrations of well-sorted pebbles within the Gm
units may in fact represent the Gt facies.

The Gt facies is deposited in the shallow channels of a
braided river, as a result of the migration of small crescen-
tic gravel dunes, most preferably in distal conditions in
relation to longitudinal bars.

Lithofacies Gms

The Gms facies contains matrix supported, sandy
gravel and with large admixture of fine sand and silt (up to
20%) compared to the Gm and Gt facies. Gravel-sized par-
ticles are about 60% and sand about 20-30%. The sorting
is apparently poor (coefficient >4.5). Large pebbles up to
200 mm in diameter are usually dispersed throughout the
whole sequences. Small, deformed sand bodies with good
sorting form irregular concentrations, particularly at the
tops of units. No depositional structures are present. Mas-
sive Gms units are thick in comparison with the other fa-
cies and may reach thicknesses of about 1.5-1.8 m. The
bases of Gms units are flat or inclined. The Gms facies is
mostly associated with the Gm (or Gt) facies, but in some
profiles lies on Fl units. Pebbles roundness is variable;
from very angular to subrounded. The facies contains
strongly decomposed gneiss pebbles in some sections.
They are light grey due to their kaolin contents.

The Gms facies is a debris flow deposit, connected
with gravity slumps of clastic material on valley margins
or on the surface of alluvial fan. The Gms gravels contain
deformed beds of other facies occurring in profiles (prob-
ably Gm, Gt, Se) and particles of the Fl facies in matrix.
This facies was probably formed in the alluvial fan envi-
ronment.

Lithofacies St

The St facies is represented by pebble sand. The gravel-
sized and sand-sized ranges are almost equal (both 40-
45%). The admixture of fine sand and silt is also large and
therefore sorting is generally poor, although near the base
of units sorting is moderate to good. Structurally St is simi-
lar to the Gt facies, consisting of large scale trough cross
bedding. The troughs are cut into the Gm gravels and
clasts up to 35 mm across are present at the base of the
troughs. Very often, at the top of troughs, fine sand pre-
vails and the facies gradually transists into the Fl facies.

The St facies is connected with crescentic dunes mi-
grating in lower flow regime conditions. The lowering en-
ergy of the braided river is reflected by the topmost Fl
facies.

Lithofacies Se

The Se facies contains silty sand with pebbles. It con-
sists of, in almost equal proportions, gravel particles, sand
particles and fine sand to silt. This sorting is extremely
poor (coefficient ca 6.0). Singular pebbles up to 50 mm are
present at the base of facies units. The sediment is massive
or reveals crude cross bedding at the top of the unit. The
lower surface is sharp and erosional, with scours and

troughs. In the Kraliky section, the Se facies lies directly
on the Cretaceous bedrock, and contains singular clasts of
mudstone. In other sections, it is underlain by Gms facies
units.

The Se facies is connected with short erosional epi-
sodes, reflecting scouring of the basement, short-distance
redeposition of its material and scour filling.

Lithofacies Ss

The Ss facies is represented by medium sand (0.25-0.5
mm), very well-sorted (70-90% of sand-sized particles,
sorting coefficient - ca 2.3) that contains a small admixture
of silt and single pebbles (< 10%, up to 15 mm in diame-
ter). The Ss units are thin (10-20 cm) and are interbedded
with the Fl facies. Small-scale cross bedding is present to-
gether with climbing ripplemarks. The thickness of the Ss
beds is variable, suggesting that they were deposited in
shallow and wide troughs.

The Ss facies may be interpreted as lower flow regime
sediment formed in shallow erosional scours due to the
redeposition and sorting of underlying material (Fl facies)
during episodes of increased flow energy (during the flood-
ing of the overbank areas).

Lithofacies Sh

The Sh facies is generally similar to the Ss facies. The
main difference is that it exhibites horizontal bedding. Its
sorting is worse and its average grain size larger (0.5-1.0
mm).

The Sh facies was formed in relatively high energy
conditions, at the transition from lower to upper flow re-
gime, in the shallow channels of a braided river.

Lithofacies Fl

The Fl facies contains mainly medium or fine sand and
silt (45-65% sand-sized particles and 30-45% silt). Its
gravel admixture is negligible. The sorting is moderate (co-
efficient 3.0) and skewness of grain size distribution is
negative. Units of Fl are 0.2-0.5 m thick. The main depo-
sitional structure is horizontal lamination with sets of
small-scale cross bedding. The Fl facies is associated with
the Se and Sh facies, and is usually underlain by the St or
Gt facies.

The Fl facies represents overbank deposits formed in a
very low energy regime, probably during vaning flood
conditions.

Lithofacies Fm

The Fm facies is represented by fine-grained deposit,
mainly silt (ca 70%), but with a significant admixture of
medium sand (30%) and even single granules (2-4 mm).
Generally its sorting is good (coefficient ca 2.4). The Fm
facies is massive and light grey. This facies is usually super-
imposed over the Fl facies.

The Fm facies is undoubtedly an overbank deposit of
the flood basin, connected with quiet waters. Admixture
of larger particles may indicate secondary redeposition and
mixing of material during floods.
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DESCRIPTION OF SECTIONS

The studied sediments occur in several small, isolated
patches. The sediments are poorly exposed due to small
thickness and location in high areas, 50-100 m above the
river valleys, where there is poor erosion, and due to thick
cover of recent soil.

Boboszow 1

A small, abandoned gravel-pit (530 m a.s.l)) south of
the village, contains a 2-3 m package of reddish gravel that
overlies an erosional surface of Early Coniacian mudstones
(Fig. 4A). The whole sequence consists of alternating Gm
and Gt layers. Large clasts in the pebbly horizons of Gm
display imbrication and parallel orientation of long axes.
The palaeocurrent directions are constant throughout the
sequence, from ENE to WSW. This direction is consistent
with the orientation of the trough axes in the Gt gravels.
The sediment is gneiss-dominated. The clasts seem be
fresh, without significant chemical decomposition. The
contents of quartz pebbles is 2-10% in the Gm facies and
about 15% in the Gt facies.

Boboszow 2

This large gravel-pit (525 m a.s.l) is situated close to
the Polish/Czech state border, on the right side of the rail-
way to Lichkov. The well exposed NE wall of the outcrop
is 50 m long and 6 m high. Only gravels are present, but
the sequence may be subdivided in two slightly different
units (Fig. 4B). The Cretaceous mudstones are exposed in
the vicinity on the valley slope, about 5 meters below the

Fig. 4. Sedimentological logs of sections at Boboszow 1 (A) and
Boboszow 2 (B). Palacotransport diagrams show measurements
of the a-axes of pebbles.

gravel-pit floor.

The Lower unit consists of Gt gravel covered by a 1.5
m thick, massive, poorly sorted. grey coloured gravel
(Gms). Small, irregular, well-sorted gravelly lenses near the
base may represent deformed Gt beds. Near the top, sub-
angular, large (up to 20 cm in diameter) gneiss pebbles are
present. The lower part of the profile is gneiss-dominated,
though it contains about 20% quartz in pebble material.

The upper unit is very similar to the Boboszow 1 se-
quence, and consists of alternating Gm and Gt layers of
reddish gravel (Fig. 4B). A very thick unit of Gm facies is
present at the top of the sequence. This unit contains sev-
eral distinct pebbly horizons. Pebbles display preferred
orientation N-S, and imbricated clasts suggest transport
from NNE (or N to NNW in places). Gt cosets display
evident trough shape up to 2 m in width. The trough axes
orientation is consistent with the direction derived from
clast imbrication in the top unit. The upper unit of the
sequence is also gneiss-dominated, but contains less quartz.

Kraliky

This exposure (585 m a.s.l) is located 1 km north of
the town centre, in a 3 meter high scarp of the “Tesla”
factory car park. The 0.5-1.5 m thick sand and gravel lies
here on an erosional surface of Cretaceous marls (Fig. 5A).
Troughs in the basement consist of poorly sorted sand ma-
terial (Se facies) rich in small gneiss pebbles, with only a
small amount of material from the bedrock. The Gt gravel
trough axes are oriented NNE-SSW. The sediments are
gneiss-dominated with a quartz content of about 20%, ex-
cept the lowermost part of the sequence.

Cerveny Potok 1

This small outcrop (605 m a.s.l.) is situated in the rail-
way scarp, close to the station. Sediments of the exposed
sequence are 2 m thick and lie on the strongly weathered
gneiss (loam). The sequence consists of gravel, sand and
even silt material (Fig. 5B). Alternating units of Gm, Se, Ss
and Fl occur in the lower part of the sequence whereas the
upper part contains a thick, uniform unit of Gms gravel.
These two units are separated from each other by a slightly
inclined erosional surface. Th Gms unit is light grey and
contains clay minerals in the matrix. In the whole sequen-
ce quartz predominates over gneiss (Table 2). The gneiss
pebbles are strongly weathered. The clast orientation in
the Gm facies indicates general transport from north to
south, though directions are highly dispersed (Fig. 5B).

Cerveny Potok 2

This outcrop is situated 100 m east from the outcrop
Cerveny Potok 1, in the railway scarp. Only the Gms unit
overlying the Fl unit is visible here (Fig. 5C). The sequence
may be directly correlated with the top of the sequence at
Cerveny Potok 1. Large cobbles (over 25 cm) of weathered
gneiss are present in the uppermost part of the Gms layer,
but generally the sequence is quartz-dominated (over
60%).
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Fig. 5. Sedimentological logs of sections at Kraliky (A), Cerveny
Potok 1 (B) and Cerveny Potok 2 (C). Palacotransport diagrams
show measurements of the a-axes of pebbles.

Lichkov 1

The northern wall of a very large gravel-pit (525 m
a.s.l.) located east of the village contains the 10 m thick
sequence. However, only the highest 6 m are well exposed.
Also, the base of the sequence is not visible. The exposed
sequence consists of several units that differ in structure,
grain size and colour (Fig. 6A).

The lowermost unit consists of alternating Gm and Gt
beds. The light grey gravel is quartz enriched (up to 30% of
pebbles). The gneiss pebbles are generally slightly decom-
posed and clasts of Cretaceous rocks are absent. This unit
is eroded, with a sequence of scours filled with 0.5 m thick
St unit. The latter is overlain by a sequence of finer sedi-
ment, consisting of dark, laminated sand and mud (Fl fa-
cies), alternating with thin Fm and Ss facies beds. The next
erosional surface is at the top of fine-grained deposits. This
is overlain by reddish gravels of the upper unit of the se-
quence. The Gm and Gt facies that dominate in this unit
are interbedded similarly to those in the lowermost part of
the sequence. However, quartz content is here very low
(< 5%), the gneiss pebbles are not weathered, and the ad-
mixture of Cretaceous material is present. Imbricated
clasts unequivocally indicate palacocurrent directions
from NE to SW (Fig. 6A).

Fig. 6. Sedimentological logs of sections at Lichkov 1 (A) and
Lichkov 2 (B). Palaeotransport diagrams show measurements of
the a-axes of pebbles.

Lichkov 2

The southern wall of the same gravel-pit contains de-
posits similar to those of Lichkov 1 (Fig. 6B). At the base
of the sequence, a 0.5 m thick Gm unit overlies partly ex-
posed Gms gravel. The palaeocurrent direction of imbri-
cated clasts suggests transport from NE to SW. The quartz
pebble content is here about 15%. This unit is correlative
to the lower unit of Lichkov 1 and its upper boundary is
also erosional. The middle part of the sequence, deposited
over a distinct erosional surface, is 1.5 m thick. It consists
of Gms gravel containing deformed sand lenses (probably
Sh facies) and well-sorted gravel lenses (probably Gt fa-
cies), and above, the alternating Gt, Gm and Sh facies beds.
The upper unit is gneiss-dominated and amount of quartz
is insignificant. Some gneiss clasts are slightly weathered.
Clast imbrication indicates transport from E-ESE to W-
WNW, which differs from that of the lower part of se-
quence.
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LITHOSTRATIGRAPHY

Three sedimentary series may be distinguished based
on lithofacies assemblages, textural features and distinct
differences in petrographic composition (Fig. 7).

Boboszow series

This series is represented by the sediments at Bobo-
szow 1, in the upper part of the sequence at Boboszow 2,
and in the upper parts of the sequences at Lichkov 1 and 2.
It is up to 4 meters thick and the base of the sequence lies
from 530 m a.s.l. at Boboszow to 520 m a.s.l. at Lichkov.

The Boboszow series consists exclusively of gravel and
sandy gravel deposits. In all investigated profiles only alter-
nating beds of Gt and Gm facies are present. The series is
gneiss-dominated with rare quartz (Tab. 2). Gneiss pebbles
do not display chemical decomposition. In the coarse sand
(1-2 mm), the quartz content is relatively low (<40%)
(Tab. 3).

Lichkov series

This series is represented by the lower units at Lich-
kov, the Kraliky sequence and probably also the lower
part of the sequence at Boboszow 2. The maximum ex-
posed thickness of this series is about 4 meters, and the
position of its base varies from 585 m a.s.l. at Kraliky to
515 m a.s.l. at Lichkov.

The Lichkov series contains various lithofacies. Be-
sides the Gm-Gt gravel sets, thick layers of massive, ma-

trix-supported Gms gravel are common. Also, a large spec-
trum of sandy deposit accumulated in different flow re-
gimes is present, such as facies St, Ss, Se and Sh, and they
are locally interbedded with fine-grained lithofacies (Fl,
Fm). All these facies form distinct, fining-upward facies
associations: St-Fl, Ss-FI-Fm, Gm-Gt-Sh, Gm-Se, Gt-Se.
Gneiss pebbles predominate in the series although quartz
pebbles are significant, reaching up to 23% (Tab. 2). Creta-
ceous material is absent or occurs only directly at the base
of the series. In the coarse sand fraction, quartz usually
exceeds 50% (Tab. 3).

Cerveny Potok series

This series only occurs in the two outcrops at Cerveny
Potok and it lies at 605 m a.s.l.. The lithofacies assemblages
in the Cerveny Potok series are similar to those of Lichkov
series. There is Gm gravel and thick Gms gravel and alter-
nating sandy (Ss, Se) and fine-grained (Fl) beds. However,
this series differs much from other series in its textural
characteristics and petrographic composition. The textural
maturity of these sediments is low, their roundness varies
from angular to subangular and sorting is very poor. The
series is also quartz-dominated, containing more than a
50% quartz content in the pebble fraction, and more than
60% in the sand fraction (Tables 2, 3).The gneiss pebbles
are strongly chemically decomposed.

DEPOSITIONAL ENVIRONMENTS

The Boboszow series, consisting of only Gm-Gt facies
assemblage, probably represents a poorly developed cycle
of a distal gravel-dominated braided river. This assemblage
is similar to a Donjek type sequence (Miall, 1978), but en-
riched in gravel facies and with no fine-grained deposits.
The mean gravel content in the sequence is 65-75%, which
correlates with the very broad gravel content limits for
Donjek type rivers (10-90%, after Miall, 1978). However,
the Gm facies dominates in the Boboszow series, which is
characteristic rather for proximal braided rivers of Scott
type. The alternating finer Gt and coarser Gm gravel beds
reflect high energy deposition in the mid-channel zone by
downstream migration of transverse crescent dunes in
shallow channels between longitudinal bars. The lack of
sandy facies may reflect highly episodic sedimentation and
very fast current decay at the end of flood episodes. The
absence of overbank deposits may also reflect strong ero-
sion during the advancing-stage of floods. Another possi-
ble interpretation is that the whole sequence was deposited
during a relatively short time which did not allow signifi-
cant migration of the river tract. Minor or no chemical
decomposition of feldspars in the gneiss pebbles and a large
discharge of coarse material suggest that during deposition,
strong physical weathering occurred and chemical weath-
ering was virtually absent. This may, together with proofs

of episodic processes, suggest arid or semi-arid conditions
during the deposition of the sequence.

The Lichkov series is represented by an almost full
distal gravel-dominated braided river facies assemblage of a
Donjek type river. The lower part of the Lichkov 1 se-
quence may serve as a model succession of this type of
alluvium. Trough bedded Gt gravel passes here into Gm
gravel, and then into trough bedded sand (St) and fine-
graineds sediments upwards (mainly Fl facies, with minor
Fm and Ss facies). This succession may be interpreted as a
response to a slow shallowing of water as a result of the
migration of the active river tract. The St facies was depos-
ited in shallow troughs developed on bars during a low
flow regime. The Fl facies formed as a result of the vertical
accretion of fine material (silt and finest sand) in an over-
bank environment or in abandoned channels. During
floods, small channels developed there and coarser well-
sorted sand was deposited in shallow troughs. In other se-
quences this succession is not fully developed, but some
parts of the model cycle are present. The debris-flow de-
posits (Gms) are relatively common, which suggests sedi-
mentation on alluvial fans. The possible explanation of the
complete sequence is that sediments of a large river flow-
ing from the north are interbedded with deposits devel-
oped on small, local alluvial fans associated with tributary
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rivers. More abundant quartz pebbles and the higher de-
gree of chemical decomposition of gneiss pebbles suggest
more intensive chemical weathering in the source area and
probably more humid climatic conditions. A more stable
sedimentary environment, with permanent deposition and
well developed sedimentary cycles, may be taken as an-
other proof of such climatic conditions.

The Cerveny Potok series is very poorly exposed, and

thus the environmental interpretation is rather limited. In
general, the same lithofacies are present as in the Lichkov
series. The sedimentary environment was thus probably
the same, but the higher topographic position, specific tex-
tural features and different petrographic, quartz-domi-
nated, composition clearly show that the Cerveny Potok
series represents a different stratigraphic unit. The almost
total chemical decomposition of the gneissic pebbles sug-
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gests that the source area occurred in regions with thick
weathering mantle formed under humid condition. The
short transport of the material from the north can be de-
duced from palaeocurrent data and the textural immatur-

ity of the sediment. In turn, the petrographic composition
is obviously connected with the source of material rather
than with long transport.

AGE OF SEDIMENTS

The three series described above were probably depos-
ited during three different chronostratigraphic stages. The
Boboszow series is clearly the youngest and the Lichkov
sequence is older as indicated from sediment successions in
the Lichkov and Boboszow sections (Fig. 7). The strati-
graphic position of the Cerveny Potok series is more prob-
lematic, as the sequences at Cerveny Potok have no direct
relation to other series. However, it seems that it may be
older than or probably of the same age as the Lichkov se-
ries, but is obviously not younger (Fig. 7). An absolute
dating of the studied sediments is impossible because of a
total lack of organic material or palaeontological findings.
The lower age limit is established by the Santonian sand-
stones in the Stity graben, and the upper age boundary by
the Nysa Klodzka terrace gravel of the Weichselian age in
Roztoki (north of Miedzylesie).

The Cerveny Potok series is lithologically very similar
to coarse-grained preglacial, Late Pliocene, deposits in the
northern part of the Klodzko Basin (Jahn ez al, 1984;
Krzyszkowski et al., 1998) and in the Sudetic Foreland
(Przybylski et al., 1998) and to coarse-grained preglacial
deposits in the Upper Moravia Basin, the age of which was
so far described as Neogene (Mio-Pliocene according to
Rezac, 1955 or Early to Middle Pleistocene according to
Radwanski & Sawicki, 1957). The Cerveny Potok se-
quence is most probably age-equivalent to the Late Plio-
cene White Gravels of Klodzko, Ladek Zdroj and Gor-
zuchow (Walczak, 1968; Jahn et 4l., 1984; Krzyszkowski et
al., 1998), although it probably represents the noth-

westerly part of the preglacial, Late Pliocene to Early Pleis-
tocene, series (up to 250 m thick) of the Upper Moravia
Basin (Ru icka, 1987).

The Lichkov and Boboszow series are probably of
Quaternary age, which can be deduced from low level of
petrographic maturity of the sediments. These series are
correlated with the gravels of the river terraces of the
Klodzko Basin and the Upper Moravian Basin. The Lich-
kov and Boboszow series may be correlated with the Main
Terrace of the Nysa and Scinawka rivers and its counter-
part — the Grey Gravels of Klodzko. This series is sup-
posed to represent Middle Pleistocene (Holsteinian to
Early Saalian). They may also be correlated with the Mo-
rava river terrace system which contains three old Pleisto-
cene terraces: the 35 m high, so-called Giinz terrace, the
Lukovska Terrace and the Brodecka Terrace dated to early
and late Mindel, respectively (Ru icka, 1973).

However, it is possible that the Lichkov series is older
and represents the younger part of the preglacial series
dated back to the Early Pleistocene to the early Middle
Pleistocene, whereas the Boboszow series may represent
the late Middle Pleistocene (Fig. 7). Another possibility is
that the Boboszow series is very young and correlative
with the Upper Terrace of the Nysa Ktodzka and the Red
Gravels of Klodzko, which represent the postglacial, post-
early Saalian, fluvial event, most probaly of late Saalian/
Eemian age. If this is the case, it may also correlate with
the Morava river Kralicka (Main) Terrace, the age of
which was established to Riss by Ru icka (1973).

PALAEOGEOGRAPHY

The lack of Palaeogene to Miocene deposits in the Up-
per Nysa Graben suggests low, almost flat or slightly hilly
relief during that time and no tectonic activity. Probably
only during the Late Miocene tectonic activity was greater,
and morphological scarps were formed as a result of the
reactivation of older, Late Cretaceous faults. At the same
time, the Sudetic Marginal Fault and the faults bounding
the Upper Moravia Basin came into existence. Since that
time, and especially during the Pliocene, the chemically
weathered mantles have been removed from the moun-
tains into the tectonic depressions. The oldest (Pliocene),
Cerveny Potok, series was probably deposited by a river
flowing from N to S (Fig. 8). The river course further
south is impossible to reconstruct due to a lack of sedi-
ments outcrops, although a southern direction, towards
the southern end of the Nysa Graben and a western direc-
tion, towards the northern Bohemia Basin are equally

probable.

The reactivation of faults during the Early Pleistocene
probably resulted in a slight subsidence of the southern
part of the Upper Nysa Graben and further uplift of the
adjacent mountain ranges. This may explain the lack of
Cretaceous material and gneiss-dominated gravel assem-
blages in the sediments of the Lichkov series The series was
deposited by rivers flowing from N or NE (Fig. 8), but as
with the older series, further south the drainage direction
remains unsolved. The river that accumulated the deposits
of the Lichkov series at Lichkov was probably quite long
and the main watershed was situated that time about 15
km to the north (Sroka, 1997).

The Middle Pleistocene palaeogeography in the Upper
Nysa Depression was highly influenced not only by fre-
quent climatic oscillations, from warm and humid inter-
glacial to cold and arid periglacial conditions, but also by
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Fig. 8. Reconstruction of drainage pattern during the Late Pliocene to Middle Pleistocene of the southern part of the Upper Nysa
Depression based on palaeocurrent indicator measurements and gravel petrography.

the glaciation of the northern part of the Ktodzko Basin.
The Scandinavian ice sheet advanced twice, during the
early Elsterian and then during the early Saalian, a few
kilometres south of Klodzko, i.e. it was about 25 km north
of the studied area (Krzyszkowski er al., 1998). In spite of

the fact that the source of the material of the Boboszow
series remains the same as that of the Lichkov series, as a
result of the arid, most probably, periglacial climate dur-
ing the accumulation, the petrographic composition and
texture of the sediments changed slightly. Perhaps river
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piracy from the north managed to limit the drainage basin
area and conditions changed to a more proximal environ-
ment. Rivers at that time flowed from N to S, but the
drainage was directed into the present Ticha Orlice valley
between Lichkov and Mladkov (Fig. 8). It must be stressed
that the Boboszow series represents a local fluvial deposit
with no admixture of glacial material from the north.
During postglacial time, the upstream erosion of the
Nysa Ktodzka enlarged its drainage basin and captured the
Jodtow-Boboszow reach of the river. The point of capture

is reflected in the rapid change of direction of the Nysa
Klodzka river valley in Boboszow. This capture could
have come about during the post-early Saalian glacio-iso-
static rebound that created deep erosion in the river valleys
of the entire Klodzko Basin (Krzyszkowski er «/., 1998).
Weichselian alluvial sediments that fill the valley bottoms
display palaeoflow from S to N and contain significant
amounts of Cretaceous material and very large admixtures
of silty matrix. This reflects the incision of the river into
the Cretaceous rocks.
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