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ABSTRACT. Results of the sedimentological study on the
Quaternary deposits that crop out in deep valleys and open pits
of the Silesian Upland (S Poland) are presented and discussed.
Lithofacies, lithofacies associations, as well as superior units —
lithofacies complexes have been recognized within the dcposits.
They have been used for delineating the depositional suben-
vironments and environments. Variability of the valley deposi-
tional conditions in the Neopleistocene and Holocene is enligh-
tened. Investigations are focused on these sandy and san-
dy-gravelly deposits the lithofacial characteristics of which sug-
gest their origin due to ablational (proglacial) flows in front of

the ice-sheet. Genetic factors of the proglacial sedimentation are
discussed in the light of the following lithofacial features: 1° the
character of lithofacies and lithofacies associations, 2° lateral
variability of lithology, 3° high-energy lithofacies, 4° lithological
features resulted from both high discharges and. high unsteadi-
ness of flows, 5° palaeocurrent data, 6° palaecohydraulics. Tex-
tural and structural features that can be used as criteria for
identification of ancient proglacial facies are emphasized. In
completion to the paper the procedure of: palaeohydraulic ana-
lysis is provided.
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INTRODUCTION

Investigations of the Quaternary deposits on
uplands face many obstacles. In most cases these
deposits form limited lithologic modifications, their
vertical profiles are reduced, and their composition
is strongly influenced by a local pre-Quaternary
bed-rock petrography. The thickest depositio-
nal complexes occur in valleys. However, analysis
of the valley sediments is also a difficult task. This
is because they are monotonous, sandy alluvial com-
plexes. Their age relationships with the extra-valley
upland sediments are rarely straightforward, frequ-
ently being limited only to the slope deposits occur-
ring within alluvial facies. These relationships are
clear only in those regions where delluvial deposits
consisted of coarse-grained beds and sediments are
of good exposure. The upland alluvial profiles are,
as a rule, blanc in terms of lithostratigraphy. Detail
palaeoenvironmental analysis of dynamic proces-
ses that took place in the valley is the only way to
reveal the age of deposits. Sedimentological study
seems to enable palaeoclimatic and palaeogeogra-
phic interpretations in the scale of both the valley
reach and neighbouring drainage-basin.

The present palaeoenvironmental analysis is ba-
sed on ubiquitos literature on fluvial dynamics and
sedimentary processes in glaciofluvial environ-
ment. Of studies on today glaciofluvial environ-
ment works of Krigstrom (1962), Klimek (1972),
Bluck (1974), Eynon and Walker (1974), Booth-
royd and Ashley (1975), Church and Gilbert
(1975), Claque (1975), and Bryant (1983) are of
special value. On the other hand, the following
papers on the ancient proglacial sediments should
be mentioned: Ruegg (1977), Casshyap and Tewari
(1982), Fraser and Cobb (1982), Houmark-Nielsen
(1983), Maizels (1983a,b) and Landvik and Man-
gerud (1985). Since proglacial streams represent
typical varietes of braided channels, high amount
of information pertaining to deposits of low-sinu-
ous rivers (Sundborg 1956; Allen 1968, 1984; Wil-
liams, Rust 1969; Collinson 1970; Smith 1970,
1971, 1972; Bluck 1976; Hein, Walker 1977; Cant

1978; Cant, Walker 1978) was used in this work.
Deposits of mountain rivers (see Teisseyre 1984)
may also be compared to high-energy proglacial
facies. It is the present author opinion that studies
of alluvial fans may be helpful in sedimentological
analysis of glaciofluvial and proglacial deposits
(see also McGowen, Groat 1971; Wasson 1977;
Bryhni 1978; Teisseyre 1980, 1986; Vos, Tankard
1981). This is because sedimentation of both facies
is controlled by similar factors. Similarities are seen
in the braiding pattern of depositional channels,
overloading of flows and their high-energy level.
Works on deposition in ephemeral streams (G. E.
Williams 1971; Karcz 1972; Picard, High 1973)
have also been applied to this study. Rising and fal-
ling phases of flow in ephemeral rivers are related
to hydrodynamics of proglacial streams resulting in
similar style of deposition.

This paper is a result of extensive study on
deposits of two, relatively large valleys of the Sile-
sian Upland — the Biala Przemsza and Czarna
Przemsza (Fig. 1). Sedimentological analysis was
carried out in sand fill open pits. Because of their
great size they offer a unique opportunity to study
lithological passages over a long distance either
vertically or laterally. Sediments considered here as
proglacial ones are described on the geological back-
ground, i.e. in superposition of complete profiles
and geological events in both valleys. Detail discus-
sion is, however limited to the proglacial facies.
Palaeoenvironmental problems and stratigraphy of
sediments of the Przemsza basin have been present-
ed by Lewandowski and Zielinski (1984, 1988,
1990), Zielinski (1984), and Zielinski and Lewan-
dowski (1990).

This paper is a part of the author’s Ph.D. thesis supervised
by prof. Andrzej K. Teisseyre. I am grateful to my supervisor
for many fruitful and stimulating discussions and his help through-
out this work. My thanks are also due to dr Krzysztof Brodzi-
kowski for critical comments while this paper was prepared for
publication.

TERMINOLOGY

In the author’s opinion the term proglacial river
means a channel flow resulted from melting of ice
masses, i.e. the river is supplied with ablation wa-
ters. The outflow of the river is directed outside the
glaciated area. The proglacial rivers are, in their
upper reaches, the sandur streams of proglacial

alluvial fans. The proglacial waters are considered
as glaciofluvial streams. Down the rivers they turn
into alluvial valley flows. Such a treatment is in
agreement with the definition proposed by Ed-
wards (1986). He assumes that the proglacial en-
vironment covers the area outside the glacier where
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Fig. 1. Localization of sites analysed against a background of geological map of eastern Silesian Upland (by Kaziuk and
Lewandowskr 1978, modified). Holocene: I — alluvium; Pleistocene: 2 — aeolian sands, 3 — alluvium (the Wista Glaciation),
4 — sands of alluvial fans (the Wisla Glaciation), 5 — glaciofluvial sands and gravels (the Odra Glaciation), 6 — till (the San
Glaciation); Mesozoic: 7 — limestones and dolomites (Middle Triassic), 8 — sandstones, siltstones, marls (Lower Triassic);
Paleozoic: 9 — siltstones, mudstones (Permian), /0 — sandstones, siltstones (Upper Carboniferous)

Lokalizacja analizowanych stanowisk na tle budowy geologicznej wschodniej czgsci Wyzyny Slaskiej (wg Kaziuka i Lewandow-

skiego 1978, zmodyfikowane). Holocen: I — aluwia; plejstocen: 2 — piaski eoliczne, 3 — aluwia (zlodowacenie Wisly),

4 — piaski stozkéw naplywowych (zlodowacenie Wisly), 5 — piaski i zwiry fluwioglacjalne (zlodowacenie Odry), 6 — glina

glacjalna (zlodowacenie Sanu); mezozoik: 7 — wapienie i dolomity (trias srodkowy), 8 — piaskowce, mulowce i margle (trias
dolny); paleozoik: 9 — mulowce i itowce (perm), /0 — piaskowce i mutowce (karbon produktywny)

channel flows are supplied exclusively with ablation
waters (ibidem, Fig. 13.3). Edwards recognized gla-
ciofluvial environment as a part of the proglacial
environment and treats ice-contact, outwash and
eolian deposits as proglacial facies. Klimaszewski
(1978) also identifies the proglacial river with the
glaciofluvial river, although he addmits that addi-
tional supply with non-ablational streams is possi-
ble. In the present author’s opinion the extraglacial
river is a channel flow at the glacier foreground
supplied with other waters than ablational ones. It,

should be stressed, however, that extraglacial rivers
may receive some amounts of ablational waters.
Therefore, the extraglacial river is a link between
proglacial river and river of unglaciated area, in
terms of hydrodynamics and depositional proces-
ses. Brodzikowski and Van Loon (1987) use the
term extraglacial subenvironment to describe the
area inside the periglacial environment and outside
the proglacial subenvironment. Any fluid-medium
depositional process, i.e. alluvial fans, rivers and
lakes, is placed by them only within proglacial sub-
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environment, whereas aeolian and slope sedimen-
tation are the only processes of the extraglacial
zone

DEPOSITIONAL FORMS

During the sedimentological analysis certain
depositional units are the basis for delineating the
qualitative character of depositional forms. It is,
therefore, reasonable to present short typology of
main bed and channel forms.

The author distinguishes between ripples and
dunes within a group of rhythmic bed forms. The
morphometric boundary between these two forms
is marked by the height of 6 cm and length of 60 cm
(after Guy et al. 1966; Allen 1968). Dunes are
further subdivided into straight-crested dunes, i.e.
two-dimensional forms, and sinuous dunes, i.e.
three-dimensional forms. The two-dimensional du-
nes (sand waves — Boothroyd and Hubbard 1975)
are lower and longer. The three-dimensional dunes
(megaripples — Boothroyd and Hubbard 1975;
sand waves — Harms et al. 1975; Jackson 1976) are
steeper with lower amplitude. The two types of
dunes orginate in slightly different hydrodynamic
conditions. Although both types occur within the
same wide energy range, so-called field ofi dunes,
the two-dimensional variety forms at lower values
of bed shear stress than three-dimensional dunes
(Bridge 1978). This is why the former are called
low-energy dunes and the latter high-energy dunes
(Harms 1969). Costello (1974) is of identical opi-
nion as to the relationship between morphology of
dunes and flow velocity (reflecting here the energy
level). It shoud be noted, however, that there are
only small differences in hydrodynamics stimulat-
ing formation of two- and three-dimensional du-
nes. Hence, in natural conditions where velocity of
channel flow fluctuated as well in time as in space
both types of dunes can occur simultaneously (see
Allen 1978, 1984).

Ripples and dunes, as rhythmic forms, should
be clearly distinguished from bars — rhythmic or
unrhythmic forms ofilarge scale. The former should
be classified to the bed forms group, i.e. small forms
in comparison to the channel size. On the other
hand, bars should be classified to the channel forms
for they are closely related to the channel scale and
shape. Moreover, migration and development of
bars result from changes in the channel morpholo-
gy (A. K. Teisseyre pers. com.). According to
Harms et al. (1975) the basic difference between
dunes and bars consists in the scale of these forms.

The bar is a channel form the height of which is
comparable to the flow depth, whereas length is
equal to or larger than the channel width (Task
Force... 1966). Simons and Richardson (1966) state
that the length of a bar is equal to 2—3 widths of
the channel.

DEPOSITIONAL STRUCTURES

To determine the scale of depositional structu-
res the author assumed that 6 cm is the maximum
value for thickness of small-scale sets. In the case of
cross-stratified beds these sets are related to the
deposition in rippled bed stage (see Allen 1968).
Thickness of 30 cm marks the boundary between
medium and large scale sets (Campbell 1967).

Identification of ancient dunes is based on the
fact that two-dimensional dunes prograding in
flow direction form planar cross-stratified sets of
medium scale accreting on flat, unscoured bed (cf.
Bluck 1974; Bridge 1978). Zones of flow separation
related to the three-dimensional dunes are charac-
teristic for strong secondary currents resulting in
spoon-shaped scours (Guy et al. 1966; Allen 1968)
which, when filled with sand, form trough cross-
-stratification sets of medium scale (Fig. 2).

Bars can be divided into two genetic groups on
the basis of their internal structures. The first one
includes sand bars with depositional fronts — fore-
set sandy bars according to Miall (1977). Usually
they consist of planar cross-stratification sets of
large and medium scale. Channel forms, known in
the literature as transverse, linguoid, diagonal, and
side bars, belong to this genetic group. The second
group of bars is formed by low, coarse-grained
forms vertically accreted, lacking of depositional
fronts, and usually directed in accordance with
flow direction — longitudinal bars. Their sedi-
ments show ill-defined horizontal stratification or
even massive structure with imbrication of clasts
(Fig. 2). Internal structure of different types ofibars
together with hydrodynamic conditions of their
origin will be discussed later in detail.

LITHOFACIAL UNITS

They play principal role in the differentiation of
sedimentary profiles, environmental analysis, and
in the lithostratigraphic correlations. The author
uses three-stage division of lithofacial units. Li-
thofacies is a first-rank unit. It is a single set, or
coset, of certain type of stratification. Lithofacies
is, therefore, a depositional effect of bed or channel



Fig. 2. Depositional forms of bed and channel, their shape, origin, hydrodynamic conditions and lithofacies. / — the main,
secondary and local current directions; 2 — foreset slope; 3 — erosional troughs; 4 — saltation transport of bed load; 5 — rolling
transport of bed load; 6 — wash load; 7 — avalanching of grains; 8 — secondary currents in separation zone
Formy dna i koryta, ich ksztalt, geneza, warunki hydrodynamiczne i litofacje. / — glowne, drugorzgdne i lokalne kierunki
przeplywu; 2 — front depozycyjny; 3 — rozmycie; 4 — transport saltacyjny; 5 — transport wleczeniowy; 6 — przydenny transport
zawiesinowy; 7 — grawitacyjny zsuw ziarn; § — prady wtorne w strefie separacji przeplywu

form. Morphology of alluvial channel beds is cha-
racteristic for variety of depositional forms, e.g.
bars, dunes, and ripples, that occur together even
within short reaches of the channel. Each of these
forms makes different lithofacies which may be
grouped into lithofacies association (see Tab. 1).
The lithofacies association is, therefore, a se-
cond-rank division enabling reconstruction of con-
ditions of hydrodynamics, sediment transport and
deposition, as well as bed morphology, i.e. reconst-
ruction of sedimentary subenvironment. The verti-
cally and laterally adjacent lithofacies associations
are grouped into lithofacies complex. The lithofa-

cies complex formed at determined, relatively cons-
tant or changeable conditions of sedimentation.
Therefore, vertical and lateral succession of lithofa-
cies associations can be logically explained in terms
of a single sedimentary environment variability in

- time and space. As the reconstruction of the sedi-

mentary subenvironment is determined by the cha-
racter of lithofacies association, the lithofacies com-
‘plex is equivalent to the sedimentary environment.

The lithofacies complex being the lithofacial di-
vision of the highest rank can be used in the regio-
nal Quaternary palaeogeographic reconstructions.
This is because it consists of sediments that have
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Table 1. Scheme of three-rank division of lithofacial units
Schemat trdjstopniowego podzialu wydzielen facjalnych

Lithofacies
Litofacja

Lithofacies association
Zespdt litofacji

Lithofacies complex
Kompleks litofacjalny

Descrip-
tion

Budowa

Single depositional unit (set) or
several units of the same type and
scale (coset), e.g. sandy lithofacies
of tabular cross-stratification

Pojedyncza jednostka depozycyjna
(zestaw) lub zbior jednostek tego
samego rodzaju i skali (wielozes-
taw): tabularne warstwowanie
przekatne w piaskach

Lithosome composed of sets (cosets)
of several (or single) lithofacies, e.g.
sandy cosets of tabular cross-stratifi-
cation and horizontal lamination in-
terbedded with each other

Litosom utworzony przez zesta-
wy (wielozestawy) kilku (ewentual-
nie jednej) litofacji: naprzemianlegle
wielozestawy przekatnego warstwo-
wania tabularnego i laminacji pozio-
mej w piaskach

Lithosome composed of some lithofacies associations (in
vertical or lateral coexistence) — an effect of one
depositional environment variability as well in time as in
space, e.g. sandy cosets of tabular cross-stratification
and horizontal lamination; upward gradationally pas-
sage into sands of horizontal and ripple lamination,
horizontally laminated silts of secondary importance

Litosom obejmujacy kilka wzajemnie nadlegtych lub
wystepujacych obocznie zespolow litofacji — efekt cza-
sowej (przestrzennej) zmiennosci jednego s$rodowiska
sedymentacyjnego: piaszczyste wielozestawy przekatne-
go warstwowania tabularnego i laminacji poziomej, ku
gorze gradacyjne przejscie w piaski laminowane pozio-
mo i przekatnie riplemarkowo, podrz¢dnie muly piasz-
czyste laminowane poziomo

Symbol

Sp

Sp, Sh

Interpre-
tation

Rola
interpre-
tacyjna

Bed (or channel) form and hydro-
dynamic conditions of its origin,
e.g. sandy channel bar of transver-
se type, downstream accretion in
conditions of lower flow regime;
zone of decreasing flow capacity
Forma dna (lub koryta) i hydro-
dynamiczne warunki jej genezy:
piaszczysty odsyp korytowy typu
poprzecznego, przyrastajacy za-
pradowo w warunkach przeptywu
spokojnego, w strefie spadku nos-
nosci strumienia

Sedimentary subenvironment (bed
topography of channel segment),
e.g. channel bed with transverse bars
and upper plane-bed shoals; shal-
low, sand-bed river of low sinuosity

Subsrodowisko sedymentacyjne np.
topografia dna odcinka koryta rze-
cznego: piaszczyste dno pokryte od-
sypami poprzecznymi i z plyciznami
gornego plaskiego dna — plytkie
piaskodenne koryto malej kretosci

Sedimentary environment (topography of valley reach
and succession of fluvial processes existing there), e.g.
bar-derived sedimentation within shallow sand-bed
channel of low sinuosity at first; afterwards sandy-silt
sedimentation resulted from sheetflood on proximal
alluvial plain; braided river with sandy alluvial plain
Srodowisko sedymentacyjne, np. topografia odcinka
doliny rzecznej i sekwencja procesow fluwialnych: po-
czatkowo odsypowa sedymentacja w plytkim, piasko-
dennym korycie malej kretosci; nastgpnie piaszczys-
to-mutowa sedymentacja z plytkich zalewow warstwo-
wych na proksymalnej rowni zalewowej — rzeka roz-
tokowa z piaszczysta roOwnia zalewowa

|

U LUt
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both thickness and lateral extent so large that can
be traced over long distances, e.g. a few kilometers
in valley axis direction. Moreover, the vertical se-
quence of sediments (lithofacies associations) with-
in the lithofacies complexes is so characteristic that
it anables correlations between outcrops or drill
cores. Hence, the lithofacies complex can serve as
a lithostratigraphic unit — the Member, i.e. a unit
of lower rank than the Formation.

To characterize briefly and, at the same time,
unequivocally lithofacies units, symbols of textu-
ral-structural code will be used herein (after Miall
1977, 1978; Rust 1978; see also Gradzinski et al.
1986, p. 402). Conventional textural symbols, e.g.
S — sand, G — gravel, appeared to be unsatisfac-
tory to describe certain lithofacies. A mixed code,
e.g. SG — gravelly sand, is introduced in this paper
tor more precise lithologic description. In the li-
thologic code each lithofacies is related to given
textural-structural symbol, e.g. Sp — lithofacies of
planar cross-stratified sand. Moreover, the author
suggests structural symbols be considerably modi-
fied. The second small letter in the code should be
derived from an adjective describing stratification
or lamination type. Therefore, horizontal lamina-
tion is symbolized with a letter 4, which concerns
both horizontal lamination derived from the
upper-stage plane bed and from suspension settle-
ment. The symbol / means exclusively low-angle
cross-stratification. In this way, the inconsistence
in using certain symbols can be avoided. For in-
stance, the symbol / for fine-grained lithofacies

meant horizontal lamination (F/), whereas is sand
lithofacies it denominated low-angle cross-stratifi-
cation (S).

Lithofacies associations are described by sym-
bols of predominant lithofacies — the index lithofa-
cies. For example, the multicomponent symbol Sp,
St, Sh is given to the association comprising three
types of index lithofacies that occur with relatively
equal frequency. It happened quite often that beside
the predominant lithofacies the others of slightly
less frequency occurred within the association as
well. If that was the case, symbols were in brackets,
e.g. Sh, Sr, (FSh) — see Table I for explanation.

In the course of sedimentological analysis of
ancient fluvial deposits it is often necessary to com-
pare lithofacies complexes studied to the classical,
reference lithosomes. The sequence of lithologic
features and specific environmental conditions that
influence the depositional sequence are known for
the reference lithosomes. This type of lithosomes or
synthetic sedimentary logs are herein reffered to as
lithotypes by analogy to stratotype. Stratotype is
a model profile of a lithostratigraphic unit. On the
other hand, lithotype is a lithofacial unit (lithofa-
cies complex) with characteristic lithologic features
and conditions of origin determined by the sequence
of lithofacies associations. Both stratotype and
lithotype satisfy a condition of geographical loca-
tion — the name is common use in the literature. In
this formulation the term lithotype is an equivalent
for the vertical profile model, e.g. Platte River type
according to Miall (1978).

GEOLOGICAL SETTING OF THE DEPOSITS STUDIED

The outcrops in Maczki Bor and Kuznica Wa-
rezynska occur within valley-fill deposits of two
large rivers of the Silesian Upland — the Biala
Przemsza and Czarna Przemsza (Fig. 1). Fossil val-
leys of 1200 —1500 m width and of approx. 35 m
depth are incised in the Carboniferous, Permian,
and Triassic bed-rocks (Figs. 3 and 4). Both rivers
form fluvial system draining NE part of the Sile-
sian Upland. The present drainage-basin of the
Przemsza river formed during the Odra Glaciation
(i.e. Saalian, Riss). At that time the area studied
was situated in the foreground of melting ice-sheet.
Proglacial streams (the Czarna Przemsza) and pro-
glacial-extraglacial streams (the Biata Przemsza)
dissected bed-rocks and adopted older valley net-
work (Lewandowski 1982) (see Fig. 5). Therefore,
the assumption that proglacial sediments occur in
fills of both valleys is quite logical.

THE MACZKI-BOR SEDIMENTARY SUCCESSION

The Maczki-Bor locality is situated in the lower
reach of the Biala Przemsza valley immediately to
the confluence with the Czarna Przemsza river
(Fig. 1). The Biala Przemsza drainage-basin covers
so-called Bledowska Desert and Starczynowska
Desert — vast depositional areas of large fluvial
system of the Pleistocene age. Deposits of the east-
ern, distal zone of this fluvial system crop out in the
Maczki-Bor excavation.

Studying the Blgdowska Desert deposits Koziot
(1952) came to the conclusion that the main phase
of sand sedimentation had been related to the gla-
ciofluvial outflow from the Odranian ice-sheet. Le-
wandowski and Zielinski (1988) have revealed, on
the basis of lithofacial and stratigraphic analyses,
that the Biatla Przemsza valley during the Odra
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Fig. 3. Geological setting of the Maczki-Bor excavation — section across the Biala Przemsza valley. C, — Upper Carboniferous
(sandstones, siltstones), T, — Middle Triassic (limestones, dolomites); M, —M, — complexes described in text. For other
explanations see Fig. 4
Sytuacja geologiczna osadow stanowiska Maczki-Bor — przekrdj poprzeczny przez doling Bialej Przemszy. C, — gorny karbon
(piaskowce, mulowce); T, — §rodkowy trias (wapienie, dolomity); M, — M, — kompleksy opisane w tekscie. Pozostale objasnienia
na fig. 4

i 00 0O O

Fig. 4. Geological setting of the Kuznica Warg¢zynska excavation — section across the Czarna Przemsza valley. I — gravels;
2 — sands; 3 — silts; 4 — muds; 5 — peat; 6 — proglacial (and extraglacial) deposits; T, — Lower Triassic (siltstones, mudstones);
T, — Middle Triassic (limestones); K, —~K, — complexes described in text

Sytuacja geologiczna osadow stanowiska KuZnica Warg¢zyniska — przekrdj poprzeczny przez doling Czarnej Przemszy. I — zwiry;
2 — piaski; 3 — muly; 4 — ity; 5 — torf; 6 — osady proglacjaine (i ekstraglacjalne); T, — dolny trias (mutowce, itowce); T, — trias
srodkowy (wapienie); K, —K, — kompleksy opisane w tekscie

Glaciation was a waterway for proglacial and ext- mation occur, among others, in the Maczki-Bor
raglacial waters. Recent investigations of deposits excavation.

from the fossil valley of the Biala Przemsza (Zielin- The Maczki-Bor sedimentary profile starts with
ski and Lewandowski, 1990) resulted in establish- the fragmentarily exposed deposits of the M, com-
ing numerous widespread sandy complexes — the plex. They consist of horizontally laminated sandy
Bledow Formation. The oldest deposits of this for- muds (Fh) — most probably the extraglacial valley
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Fig. 5. Palaecogeographic situation of sites analysed during

maximum extension of Odranian ice-sheet (by Lewandowski

1982, modified). I — proglacial streams; 2 — extraglacial river;

3 — ice-sheet; 4 — bed-rock outcrops; 5 — gorge eroded by
proglacial stream; 6 — sites analysed

Paleogeograficzna sytuacja analizowanych stanowisk w okresie
maksymalnego nasunigcia ladolodu zlodowacenia Odry (wg
Lewandowskiego 1982, zmodyfikowane). I — kierunek od-
plywu wod proglacjalnych; 2 — ekstraglacjalny przeptyw Bialej
Przemszy; 3 — ladoléd; 4 — wychodnie skat podioza pod-
czwartorzgdowego; 5 — przetlom wod proglacjalnych przez
pasmo wychodni podloza; 6 — analizowane stanowiska

lake deposits of the San Glaciation (i.e. Elsterian,
Mindel). The following three lithofacies complexes
overlie the erosional surface: thick sandy complex
M,, clayey-silty-sandy complex M,, and sandy-
-gravelly complex M, (Fig. 6). These complexes are
believed to originate in the extra- and proglacial
environments. Their detail lithologic description
will be presented later. This part of the profile
reflects gradual changes in sedimentary environ-
ments in the foreground of the Odranian ice-sheet.
The complex M, echoes channel deposition of ex-
traglacial river partly fed by meltwaters. Associa-
tions Sp, Sh, SI and St, (Sp, SI) originated in
high-discharge conditions (Fig. 6). The main melt-
water streams existed in the neighbouring valley of
the Czarna Przemsza river (Fig. 5). Alluvial ag-
gradation was so intense there, that, in course of
time, high-situated floor of the Czarna Przemsza
valley became a controlling factor of fluvial dyna-

mics in the mouth of the Biala Przemsza valley.
Higher base-level caused the decrease in the slope
of the Biala Przemsza waters. At that time deposi-
tion of upper association of the complex M, — Sp,
(St, Sh, Sr) — took place. Finer grain size of these
deposits, smaller scale of lithofacies, and ripple
cross-lamination are the features indicating lower
energy-level of the subenvironment of Sp, (St, Sh,
Sr) association than energy-level of underlying as-
sociations (see Fig. 6). Extraglacial waters were
presumably dammed up by fluvial aggradation in
the neighbouring Czarna Przemsza valley. The val-
ley lake — sedimentary environment of the fine-
-grained complex M, — formed within the area of
the Maczki-Bor excavation (Pl. 1, 7 and PI. 111, I).
Later, short, though peculiar phase of sedimenta-
tion in high-energy proglacial channel occurred
leading to the formation of the SGh association of
the complex M, (Pl 1I, ). That coarse-grained
deposition took place in the closest proximity of
melting ice masses during the Odra Glaciation.

Upperlying sandy deposits of the complex M,
differ from the others in terms of smaller-scale li-
thofacies (Fig. 6) and lighter colour. These are braid-
ed river sediments. At the beginning sandy trans-
verse bars predominated in the shallow channel —
the Sp association (Pl. 11, 2). Thereafter, depth of
channel flow increased slightly and three-dimensio-
nal dunes became predominant bed forms — as-
sociation St, (Sh, Sp). The complex M, is inter-
preted as channel sediments deposited under lower
discharge level, i.e. of river flowing without addi-
tional meltwater supply.

THE KUZNICA WAREZYNSKA SEDIMENTARY
SUCCESSION

The Kuznica Warezynska outcrop is situated in
the Czarna Przemsza valley on the northern mar-
gins of the Kotlina Dabrowska (Fig. 1). Immedia-
tely to the north of the outcrop the valley exists as
a gorge within bed-rocks cropping out evenly with
a parallel. During the Odra Glaciation the ice-sheet
margin in its maximum extent most probably reach-
ed northern slopes of the range built up of the
bed-rocks (Lewandowski 1982; see also Fig. 7).
Therefore, the investigated reach of the Czarna Prze-
msza valley was situated in the immediate surround-
ing of melting ice masses and played role of an
important proglacial waterway. Lithofacial and
stratigraphic study undertaken by Lewandowski
and Zielinski (1988) has revealed that the lower
part of valley fill consists of sandy and gravelly
deposits of low-sinuosity channels. These deposits



Fig. 6. Synthetic sedimentary log of the Maczki-Bor site. / — massive gravels; 2 — gravels with crude horizontal stratification;

3 — horizontally laminated sands; 4 — trough cross-stratified sands; 5 — planar cross-stratified sands; 6 — low-angle

cross-stratified sands; 7 — ripple cross-laminated sands; 8 — ripple-drift cross-laminated sands; 9 — massive sands; /0 — silty sands

with flaser lamination; // — horizontally laminated silts/muds; /2 — peat; 13 — large-scale erosional surfaces; /4 — other

erosional contacts; 15 — channel-fill structures; /6 — deformations; 17 — varves; 18 — types of climbing ripples; /9 — symmetrical

ripples; 20 — maximum particle size; 2/ — symbol of lithofacies association; 22 — symbol of lithofacies complex; 23 — roots;
24 — tree stems: 25 — fining/coarsening-up cycle

Zbiorczy profil litofacjalny stanowiska Maczki-Bér. I — zwir masywny; 2 — zwir o niewyraznym warstwowaniu poziomym;
3 — piasek laminowany poziomo; 4 — piasek o przekatnym warstwowaniu rynnowym; 5 — piasek o plaskich warstwowaniach
przekatnych; 6 — piasek o niskokatowym warstwowaniu przekatnym; 7 — piasek o riplemarkowej laminacji przekatnej; 8 — piasek
o przekatnej laminacji riplemarkéw wstepujacych; 9 — piasek masywny; 10 — piasek mulowy o laminacji smuzystej; 1/ — mul/it
laminowany poziomo; 12 — torf; 13 — powierzchnie erozyjne wielkiej skali; /4 — inne kontakty erozyjne; 15 — struktury kanatow;
16 — deformacje pograzowe; 17 — struktura warwowa; I8 — typ riplemarkéw wstepujacych; /9 — riplemarki symetryczne
(falowe); 20 — srednica 10 najwiekszych ziarn proby; 21 — symbol zespolu litofacji; 22 — symbol kompleksu litofacjalnego;
23 — korzenie roslin; 24 — pnie drzew; 25 — normalne/odwrécone uziarnienie frakcjonalne



Fig. 7. Geological and palaeogeographical situation of the KuZnica Warezynska site (geology by Kaziuk and Lewandowski 1978).

1 — alluvium (Holocene); 2 — alluvium (the Wisla Glaciation): 3 — glaciofluvial sediments: 4 — till (the San Glaciation);
5 — icc-contact sediments; 6 — bed-rock outcrops; 7 — the KuzZnica Warezynska excavation; 8 — direction of ice-sheet
transgression; 9 — maximum extent ot the Odra Glaciation ice-sheet by Mojski and Riihle (1965); 10 — ice-shect cxtent

by Lewandowski (1982)

Sytuacja geologiczno-paleogeograficzna stanowiska Kuznica Warezynska (geologia wg Kaziuka i Lewandowskiego, 1978).

1 — aluwia holocenu; 2 — aluwia zlodowacenia Wisly; 3 — osady fluwioglacjalne; 4 — glina glacjalna zlodowacenia Sanu;

5 — osady czolowomorenowe; 6 — wychodnie skal podioza; 7 — wyrobisko Kuznica Warezynska; 8 — kierunek transgresji

ladolodu; 9 — maksymalny zasieg ladolodu zlodowacenia Odry wg Mojskiego i Ruhlego (1965); /0 — zasigg ladolodu
wg Lewandowskiego (1982)

can be identified with conditions of proglacial sedi-
mentation.

The K, complex (Figs. 4 and 8) comprises nu-
merous associations attributed to the proglacial
stream environment of the Odra Glaciation age.
Most of these associations originated in a channel
subenvironment (associations: Sh, SI;, St, Sh, SI,
Gm; St; St, Sp in Fig. 8). Channel associations of
the K, complex will be described and discussed
later. Large-scale channel-fill structures have been
found in the K, complex (Fig. 9). Sediments depo-
sited from flood flows in the subenvironment of
braid plain have also been noted (association Sr,

Fh in Figs. 8 and 10, and Pl Ill, 2). Overbank
deposits are negligible in the K, complex.

Sheet-flow derived alluvial fans formed in the
valley margins on higher hypsometric levels (Fig.
4 — the K, complex). Initially sandy deposition of
Sh association had taken place (Fig. 8, Pl. I, 2),
followed by the deposition of thin but widespread
association SGm (Fig. 8, Pl. IV, I) from rapid and
shallow flow.

Deep incision of river into alluvium occurred in
the central reach of the valley after disappearing of
ice masses. Due to increase in the channel slope the
flow attained high-energy level resulting in deposi-
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Fig. 8. Synthetic sedimentary logs of the KuzZnica Wargzynska site. For explanations see Fig. 6

Zbiorcze profile litofacjalne stanowiska Kuznica Warezynska. Objasnienia na fig. 6

Fig. 9. The KuZnica Wargzyniska site — complex K, — upper part of association Sr. Sediments of fossil channel bend (in

transverse section). ¢ — sands deposited in the outer-bank zone; b,c — sands deposited in the inner-bank zone; d — silts deposited

during flow cessation phases; e — sands deposited in small-scale channels dissected the channel-fill; R — reactivation surfaces
derived from discharge fluctuations

Kuznica Wargzyniska — kompleks K, — goérna cz¢s¢ zespolu Sr. Osady wypelniajace kopalne zakole koryta (przekroj

poprzeczny). a — piaski deponowane w strefie brzegu zewngtrznego; b,c — piaski deponowane w strefie brzegu wewnetrznego;

d — muly deponowane w etapach zamierania przeplywu; e — piaski deponowane w matych kanatach rozcinajacych osady
wypelniajace koryto; R — powierzchnie reaktywacji znaczace etapy zmian intensywnosci przeptywu

tion of coarse-grained association Gh, Gm of the
complex K, (Fig. 8, P1. IV, 2). Overlying silty-sand
overbank deposits of this complex, i.e. association
Fh, Sh (P1. V, 1), reflect fluvial aggradation in con-
ditions of decreasing channel slope. Uppermost
part of the complex K, consists of association Sr,
Sp (P1. V, 2) related to the river channel subenviron-
ment of the relatively low-energy level. Sedimen-

tation of the complex K, took place during the
Wista Glaciation (Vistulian, Wurm). Lithological
features of the uppermost complex K, illustrate the
change of the accumulation mode from the braid-
ed-like river (associations Sp, Sh and Sp) to the
meandering river (association Sr, Sk and Sh) — see
Fig. 8, Pl. IV, 1. This last phase of sedimentation
took place in the Holocene.
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PROGLACIAL STREAM DEPOSITS —GENETIC FACTORS
AND THEIR SEDIMENTOLOGIC IDENTIFICATION

The author’s sedimentological investigations of
the two Upper Silesian localities enable to with-
draw a few general conclusions related to the iden-
tification and interpretation of proglacial deposits
in profiles of the Quaternary fluvial sediments. In
the author’s opinion the peculiarity of flows in
proglacial channels and deposition in these chan-
nels is echoed in characteristic lithofacies features
that can be accepted as criteria for sedimentologi-
cal identification of proglacial facies. In the fol-
lowing paragraphs seven principal genetic factors
of deposition in proglacial channels is discussed.

LITHOFACIES AND LITHOFACIES ASSOCIATIONS
AS A DEPOSITIONAL EFFECT OF BED FORMS
AND CHANNEL FORMS

DEPOSITS OF CHANNEL BARS

Meltwater flows are fed by high amounts of
debris derived from melting ice masses. Meltwaters
are, therefore, characteristic of high concentration
of sediment transported either as a bed load or
wash load. It is due to frequent flow stage fluc-
tuations, so typical for proglacial streams, that eve-
ry receding of flood stage brings about the increas-
ing channel deposition. In heavily sediment-char-
ged flows the large-scale depositional forms, i.e.
channel forms — the bars, are formed. These forms
by growing up in a bed divide the flow leading to its
braiding.

As the stream bed slopes become steeper in
upper reaches of proglacial waterways gravelly lon-
gitudinal bars (Fig. 2) or their embryonic forms, i.e.
local gravel sheets, turn to be major channel forms,
This high-energy mode of channel deposition
seems to be typical of proglacial environment sensu
stricto, i.e. of proximal and partially intermediate
zones of outwash plains.

The SGh association from the Maczki-Bor sec-
tion (the M, complex in Fig. 6) represents a suben-
vironment of high-energy sand-gravel-bed channel
with longitudinal bars and gravel sheets. These are
gravelly sands and sandy gravels (Pl. 11, I). Clasts
of 1 — 2 cm in diameter predominate in the gra-
vel-size range. Considering the spatial grain-size
variability one can notice the up-valley increase in
size of coarse-tail grains. This is illustrated by the
increase in MPS parameter value (average diameter
of ten largest grains of the sample, intermediate
B-axis) — see Fig. 6. The sediment is poor sorted.

19 — Geologia Sudetica 1-2/92

Gravels display ill-defined horizontal stratification
or massive structure. Gravel-enriched beds exist as
normally graded sequences. Medium-scale lithofa-
cies of trough or tabular cross-stratified sands are
rare. Depositional style of gravelly-sand sediments
characterized by crude horizontal stratification can
be compared to the deposition of diffuse gravel
sheet sensu Hein and Walker (1977). These are de-
positional forms of low relief and small thickness
with downstream slip faces absent. They are for-
med in flood peak phases. Repeated alternations of
faint layers of sand and gravel were recognized by
Boothroyd and Ashley (1975) in longitudinal bars.
Episodes of high-energy flows resulting in coarse-
-grained deposition occurred also during sedime-
ntation of the St, Sh, SI, Gm association (complex
K,) in Kuznica Warezynska (Fig. 8). Numerous
gravel and gravelly-sand lithofacies of massive
structure — Gm (Pl. V1, I), were deposited at that
time. These are very poorly sorted deposits of poly-
modal grain-size distributions (two principal mo-
des are 16 — 48 mm and 0.2 — 0.5 mm). They form
sheet beds, 10 — 50 cm thick, that cover up to 20 m
long reaches. Gravels show imbricated-clast fabric.
Coarse-grained Gm lithofacies formed as a result of
sudden deposition of wide size range of grains which
were transported in flow. Intensity of the flow was
so high that the bed had plane configuration (the
upper-stage plane bed). In those conditions deposi-
tion of sediments occurred through vertical accre-
tion of low longitudinal bars or gravel sheets.
Marginal zones of proglacial channel systems,
e.g. intermediate and distal parts of outwash plains
or valley sandurs, as well as, to some extent, extra-
glacial rivers are less influenced by the meltwater
factor. The channels are of lower slope — thus the
streams display lower energy level. Sand deposition
predominates there. Transverse bars (Fig. 2) and
following related forms: linguoid bars, spool bars,
lobate bars, and diagonal bars are major channel
forms. The principal and common feature of these
bars is a downstream face on which deposition of
succeeding inclined laminae takes place in way of
gravitional avalanching of grains. The face plays,
therefore, a role of prograding depositional front
and is oriented transversely or slantwise to the
channel axis. In this way sand lithofacies of tabular
cross-stratification Sp of large and medium scale
are formed (Fig. 2). They are indicative lithofacies
of braided channel alluvium. Differences between
particular types of transverse bars are so small that,
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in practice, it is impossible to distinguish between
them in fossil forms. Hence, the most convenient
term is a sandy foreset bar (Miall 1977).

Detail study on recent and ancient facies of
braided channel bars was carried out by Smith
(1970, 1971, 1972). Moreover, he introduced the
model for bar-derived sandy alluvium of braided
channel — the Platte River lithotype. This is lithofa-
cies association in which sandy lithofacies of planar
cross-stratifications predominate over trough
cross-stratification, ripple cross-lamination, and
coarse-grained massive ones. According to Smith
(1970) tabular cross-bedding sets form more than
70% of all lithofacies, whereas Miall (1976) estima-
tes their amounts to more than 60% in braided
channel deposits. Collinson (1970) and Haszeldine
(1983) also emphasize the role of transverse bars in
formation of facies of this environment. Cant and
Walker (1978) recognized in the South Saska-
tchewan braided river lithotype the lithofacies asso-
ciation derived from subenvironment of multiple
transverse bars (named sand flat) with planar
cross-beddings predominant over others,

Sp,Sh,SI association has been found in the ex-
traglacial M, complex in the Maczki-Bor section
(Fig. 6). The predominant large-scale tabular
cross-stratification Sp coexists there with horizon-
tal lamination Sh and low-angle cross-stratification
S1. Tabular cross-sets are interpreted as the result
of distal accretion of transverse bars. Whille Sh
lithofacies originated under the upper plane bed
conditions, the S/ lithofacies formed from dimini-
shed dunes. Both Sk and S/ lithofacies formed,
therefore, during transition stage to upper flow re-
gime. This type of deposition can be easily exp-
lained in terms of flow conditions in the braided
channel. In areas abundant in shallows, low depth
of flow caused an increase of Froude number value
and tended to change flow conditions from lower
to upper flow regime.

Slightly different variety of bar-derived lithofa-
cies association has been found in the upper part of
the complex M, in the Maczki-Bor section — Sp,
(St, Sh, Sr), Fig. 6. Lithofacies of tabular cross-
-stratified sand Sp are thinner (medium scale) and
ripple cross-lamination Sr occurs as the index li-
thofacies. Relatively small thickness of bar-derived
lithofacies Sp indicates decrease in the palaeoflow
depth in comparison to the formerly analysed
underlying association Sp, Sh, SI. The Sr cosets
formed in those reaches of the channel in which
sand bed had rippled configuration, i.e. in the area
of shallow flow of low power. Hence, the Sp, (St,
Sh, Sr) association can be considered as lower ener-

gy modification of bar-type fluvial deposits. Relati-
vely finer grain size of the association supports this
supposition. It is, therefore, obvious that this as-
sociation occurs in the vertical profile between de-
posits of typical braided channel Sp, Sh, S/ and
fine-grained complex M, of distinct low energy
level. The latter is genetically related to the extra-
glacial valley lake (see Fig. 6).

DEPOSITS OF DEEP CHANNELS

Transverse bars are principal forms for shallow,
typical braided channels, whereas three-dimensio-
nal dunes are predominant in deep braided chan-
nels (McDonald, Banerjee 1971; Cant 1978; Cant,
Walker 1978). Local erosion and deposition result
in trough cross-stratification of medium scale (see
Fig. 2).

Trough cross-beddings occur almost exclusive-
ly within the association St in Kuznica — the K,
complex (Fig. 8). This association is composed of
gravelly sands. Lithofacies St are of two kinds. The
most frequent sets are these with average thickness
of 30 — 50 cm and length up to 3.5 m developed as
normally graded sequences from fine gravel to me-
dium sand. Lithofacies St of extremely large scale
can hardly be found. They are up to 3 m thick and
their length reaches several meters. Deposits of these
large-scale structures vary in grain size. Though
medium sand with interspersed gravel is predomi-
nant some sets occur as normally graded sequences
(gravelly sand — medium sand — silty fine sand) as
well as inversely graded ones (silty fine sand — gra-
velly sand). Besides the trough cross-bedded sets
the lithofacies of horizontally laminated sand occur
sporadically.

The-association St represents sedimentary sub-
environment of channel which bed was covered by
numerous three-dimensional dunes. The origin of
most trough-type lithofacies is related to the pres-
ence of these three-dimensional dunes. Thicker
trough cross-sets are interpreted as the result of
local, deep scours (pools). They originated during
intensive flow, may be in zones of current conver-
gence. Such scours have been observed by Hein
and Walker (1977) in braided rivers.

Lack of tabular cross-units, so typical of
bar-derived deposition in sand-bed braided chan-
nels, in the association St is noticeable. The author
thinks that the association St was formed in the
deep channel where both large depth and high po-
wer of stream precluded bar-mode sedimentation.
Bridge and Jarvis (1982) have pointed out that
transverse bars are depositional forms of lower
energy level than three-dimensional dunes.
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The St association is typical of the deep chan-
nel subenvironment. Associations St, (Sp, S/) and
St, Sp can be included to the same genetic group.

Sand and gravelly-sand lithofacies of trough
cross-stratification St of medium and large scale
(the latter up to 2 m in thickness and up to 10 m in
length) dominate in the association St, (Sp, SI) of
the complex M, in Maczki (Fig. 6, PL. VI, 2).
Moreover, sand and gravelly-sand lithofacies of
tabular cross-stratification Sp and low-angle one S/
have been found. The association St, (Sp, S))
formed in the deep channel subenvironment where
three-dimensional dunes covered the largest area of
the bed (the origin of the lithofacies St of medium
scale). In the zones of intensive flow deep scours
occurred which, when filled with sand, formed
large-scale lithofacies Sz. On the other hand, in
shallow, presumably near-bank zones, flow was
less intensive leading to the formation of transverse
bars (origin of Sp lithofacies).

The St,Sp association terminates the K, comp-
lex in the Kuznica section (Fig. 8). Medium-grain-
ed sands that form trough St and tabular Sp
cross-stratified lithofacies of medium (or rarely lar-
ge) scale are predominant. Fine sands arranged in
sets of horizontal lamination and sandy gravels in
sheets are subordinate. The St, Sp association re-
flects subenvironment of channel with bed covered
by dunes and bars. Presumably, St lithofacies gene-
tically related to three-dimensional dunes have for-
med in deeper zones of flow, i. e. in thalweg. On the
other hand, lithofacies Sp were deposited in shoals
of lower energy level outside the main current zo-
nes where dunes were substituted by transverse
bars.

To sum up it should be noted that the suben-
vironment of duned bed channel is considered as of
higher energy level than subenvironment of the
channel with transverse bars. This is reflected, for
instance, in formation of the row where lithofacies
associations are ranking in energy order (Tab. 2).
Both large depth and high power of flow preclude
formation of transverse bars in the channels. Fre-
quently, however, associations are found in which
within the index lithofacies beside dune-derived
trough cross-beddings St occur also tabular
cross-beddings Sp of bar origin. This seeming con-
tradiction can be explained in terms of dunes for-
mation in deeper, central zones of channels, where-
as transverse bars were attributed to the shallow
and of lower energy level near-bank zones. Lithofa-
cies associations St,(Sp,S/) and St, Sp can be treat-
ed as an intermediate link between the association
typical of deep channel and association of classical

braided channel with bar-type deposition (with the
predominant Sp lithofacies).

DEPOSITS OF SHALLOW CHANNELS WITH SHEET-LIKE FLOW

The association Sh,S! has been found in the
proglacial K, complex of the Kuznica site (Fig. 8).
These are fine- and medium-grained sands forming
lithofacies of horizontal lamination Sh and
low-angle cross-stratification S/, both of medium
scale. They are sheet beds. Sand sets of tabular
cross-stratification and fine (often silty) sand of
massive structure occur rarely. Sk and S/ index
lithofacies indicate that flow was almost exclusively
in upper roughness regime, i. e. in transitional or
supercritical stage (see Tab. 5). In high Froude
number conditions in the channel occur both wash-
ed-out (diminished) dunes (S/ lithofacies) and
upper-stage plane bed (Sh). Rarely, there occurred
limited bed zones where flow velocity decreased
so considerably that sandy foreset bars could form.
The author believes that Sh, S/ association was
derived from sheet-like flows. This conclusion is
evidenced by similarities between the association
studied and typical sheet-flow deposits:

1° the occurrence of fithofacies as sheet-like bo-
dies (Tunbridge 1981; Nemec, Muszynski, 1984;

2° fine sand range of grain size connected with
horizontal lamination of upper-stage plane bed as
dominant structure (McKee e al. 1967; Scott et al.
1969);

3° the presence of massive structure resulted
from instantaneous deposition in conditions of
high sediment concentration in flow (Heward
1978; Mader, Teyssen 1985).

Sedimentary subenvironment of Sk, S/ associa-
tion was a braided river so wide and shallow that
streams were related to sheet flow rather than to
channelized flow. The association Sh, S/ can be
compared with the Bijou Creek lithotype (McKee et
al. 1967; Miall 1977) as well as with the S, facies
(Rust 1978). These are deposits typical of environ-
ment of sand-bed, proximal braided river where
horizontally laminated units clearly dominate over
planar cross-stratified beds and ripple cross-lami-
nated ones.

The association Sh, S/ changes upwards into
the St, Sh, SI, Gm association (Fig. 8). Index li-
thofacies St points out to its channel origin, whereas
other index lithofacies (sand sets of horizontal la-
mination Sk of medium and large scale, sand sets ofi
low-angle cross-stratification S/, and massive gra-
vels Gm) suggest shallow sometimes high-energy
flows. Channel bed morphology was of that kind



Lithofacies
asso-
ciation
Zespot

Texture
Tekstura

Table 2. Lithofacies association ofi pro- and extraglacial rivers
Litofacja rzek pro- i ekstraglacjalnych

Index lithofacies
Wskaznikowe struktury
depozycyjne

ill-defined horizontal stratification

niewyraZzne warstwowanie poziome

large-scale trough cros-stratifi-
cation, horizontal lamination,
low-angle cross-stratification, mas-
sive sheet beds

wielkoskalowe warstwowanie ryn-
nowe, laminacja pozioma, warstwo-
wanie niskokatowe, plaskoréwnole-
gle fawice masywne

medium and large-scale trough
cross-stratification

$rednioskalowe i wieloskalowe war-
stwowanie rynnowe

large and medium-scale trough
cross-stratification, medium-scale
tabular cross-stratification, low-an-
gle cross-stratification
wielkoskalowe i §rednioskalowe
warstwowanie rynnowe, §red-
nioskalowe warstwowanie ta-
bularne, warstwowanie niskokato-
we

medium and large-scale trough and
tabular cross-stratification
§rednioskalowe i wielkoskalowe
warstwowanie rynnowe i tabularne

large-scale tabular cross-stratifica-
tion, horizontal lamination, low-an-
gle cross-stratification
wielkoskalowe warstwowanie tabu-
larne, laminacja pozioma, warstwo-
wanie niskokatowe

medium and large-scale tabular
cross-stratification, medium-scale
trough cross-stratification, horizon-
tal lamination, ripple cross-stratifi-
cation

$rednioskalowe i wielkoskalowe
warstwowanie tabularne, $red-
nioskalowe warstwowanie rynnowe,
laminacja pozioma i riplemarkowa

horizontal lamination, low-angle
cross-stratification

laminacja pozioma, warstwowanie
niskokatowe

ripple cross-lamination, horizontal
lamination
laminacja riplemarkowa i pozioma

Sedimentary subenvironment
Interpretacja subsrodowiska sedymentacyjnego

braided sand/gravel-bed channel with high-energy
flow, accretion ofi coarse-grained longitudinal bars
and sheets

piaszczysto-zwirowe, wysokoenergetyczne koryto
roztokowe z gruboziarnistymi odsypami podtuznymi
i pokrywami dennymi

braided sand/gravel-bed channel with 3-dimensional
dunes, upper-stage plane bed on broad shoals,
diminished dunes, gravel sheets

piaszczysto-zwirowe koryto roztokowe z diunami
3-wymiarowymi, na rozleglych plyciznach gérne pla-
skie dno, rozmywane diuny oraz gruboziarniste
pokrywy denne

bralded sand-bed, deep channel with 3-dimensional
dunes and large scours

piaskodenne, glebokie koryto roztokowe z diunami
3-wymiarowymi oraz duzymi rozmyciami dna

braided sand-bed channel: 3-dimensional dunes and
large scours in thalweg, transverse bars and dimi-
nished dunes on shoals

piaskodenne koryto roztokowe: w glebszych strefach
diuny 3-wymiarowe i duze rozmycia dna, w plyciz-
nach odsypy poprzeczne i rozmywane diuny

braided sand-bed channel: 3-dimensional dunes in
thalweg, transverse bars on shoals

piaskodenne koryto roztokowe: w glebszych strefach
diuny 3-wymiarowe, w plytszych — odsypy poprze-
czne

typical braided sand-bed channel with transverse
bars, upper-stage plane bed and diminished dunes

piaskodenne, typowe koryto roztokowe z odsypami
poprzecznymi, gérnym plaskim dnem oraz rozmy-
wanymi diunami

braided sand-bed channel with transverse bars, 3-di-
mensional and diminished dunes

piaskodenne koryto roztokowe z odsypami poprze-
cznymi, diunami 3-wymiarowymi oraz riplemarkami

braided sand-bed shallow channel with upper-stage
plane bed and diminished dunes (transitional and
supercritical sheet-like flows)

piaskodenne, plytkie koryto roztokowe z gérnym
plaskim dnem i rozmywanymi diunami (przejsciowe
i nadkrytyczne przeplywy zblizone do zalewu warst-
wWOowego)

braidplain: ripples in overbank waterways, fine-grain-
ed suspension settlement in stagnant flood basins
rOwnia zalewowa rzeki roztokowej: w strefach prze-
plywowych riplemarki, w stagnujacych wodach
zbiornikéw zalewowych depozycja zawiesinowa

Locali-
zation
Lokali-

M4



PROGLACIAL VALLEY FAC ES OF THE SILESIAN UPLAND 99

that in its deeper zones both three-dimensional du-
nes and, related to them, trough scours were for-
med (lithofacies S7). On the other hand, in vast
shallow zones the Froude number of flow increased
so high that the dunes were diminished by wash-
ing-out process (origin of the S/ lithofacies) and
the bed received planer configuration (upper-stage
plane bed and related lithofacies Sh and Gm). Li-
thofacies Sh, SI, and Gm occur as sheet-like bodies.
Both high lateral extension of the beds and qualita-
tive character of depositional structures, suggesting
deposition from shallow, nearly supercritical flows,
indicate that the association studied originated in
hydrodynamic conditions somewhat related to sheet-
-flow. Sands and sandy gravels with high frequency
of horizontally laminated and massive sheet
beds have been interpreted as shallow braided
channel deposits (Mc Donald, Banerjee 1971; Ey-
non, Walker 1974; sheet braided facies according to
Miall 1980).

LATERAL DIFFERENTIATION
OF LITHOFACIES ASSOCIATIONS
AS AN EFFECT OF VARIOUS
SUBENVIRONMENTS COEXISTENCE

In the Maczki-Bor site characteristic lateral li-
thologic differentiation has been recognized. Within
the fluvial complex M, deposits of subenvironment
of shallow channel with transverse bars (associa-
tion Sp, Sh, SI) passes laterally into deposits con-
nected with subenvironment of deep channel with
bed covered by dunes and scoured by pools — as-
sociation St, (Sp, SI) — see Fig. 6, Tab. 2. In this
complex the association Sp, Sh, S! is predominant,
whereas the association St, (Sp, S/) has been found
in two distinctly different zones 50 — 60 m wide and
approximately 10 m thick. This coexistence of the
two associations, i. e. shallow and deeper channel,
is, in the author’s opinion, a firm evidence for the
dispersed channel pattern, i.e. braided river en-
vironment. Both main and secondary channels
must have existed simultaneously in the valley. Hy-
drodynamic conditions of depositional style were
so different that they can be successfully recognized
in the course of sedimentological analysis.

Similar lithologic situation has been found in
the Kuznica Wargzynska site. In the proglacial com-
plex K, (Fig. 8) there are two laterally coexisting
associations: St — considered as sediment of deep
channel with duned bed, and St, Sh, SI, Gm — ef-
fect of deposition in shallow, wide channel occu-
pied by sheet-like flow (Tab. 2). Palacoenvironmen-
tal interpretation in this case is the same: fluvial

braided system consisting of channels of different
size.

Similar situations of coexistence of depositional
channels of different scale have been reported from
both recent (Mc Donald, Banerjee 1971; Cant
1978; Cant, Walker 1978) and ancient braided river
environments (Eynon, Walker 1974; Ruegg 1977).

LITHOFACIES DERIVED FROM HIGH-ENERGY
FLOWS

High-energy nature of proglacial river sedimen-
tary environment results from two principal fac-
tors: channel slope and flow discharge.

The slope factor. Fluvial sedimentation in
ice-sheet foreground is, as a rule, virtually aggra-
dational. High sediment concentration in meltwa-
ter flows enables formation of large sedimentary
bodies of outwash fan type. These are conditions of
‘“upstream controlled” aggradation. This type of
sedimentation accounts for increasing inclination
of outwash-plain longitudinal profile and, as
a result, high values of proglacial channel slopes.
Slope values in the range of 0.0006 <.S < 0.006 have
been recorded in proximal outwash zones (Rust
1972; Maizels 1983b). Maximal slope values are
between 0.02 and 0.05 (Gustavson 1974; Booth-
royd, Ashley 1975; Boothroyd, Nummedal 1978;
Maizels 1983a).

The discharge factor. Proglacial rivers are cha-
racteristic of periodically strong discharges. Inten-
sive ablation events, drainage processes of supra-
glacial lakes, etc. cause changes in flow conditions
leading, for instance, to changes in depth and velo-
city of streams.

High-energy nature of proglacial deposition is
reflected in textural and structural features of sedi-
ments. Grain size diameter is a function of shear
stress influenced by flow on the bed. Magnitude of
shear stress can be treated as an indirect measure of
flow competence (Baker 1974). Stream power,
which is considered to be the best energy indicator
of depositional medium (Yang 1977) depends on
the shear stress.

Let us consider the problem of changes of flow
regime in conditions of increasing discharge. To do
this we can make use of formulae describing rela-
tionships between the following parameters: dis-
charge Q versus mean depth D, and discharge Q ve-
rsus mean velocity V. The following formulae have
been established by Mosley (1982) for braided
channels:

Qo-zss =D / 0.125, (1)
00398 = [ / 0.161, @
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where: Q [m3s~1), D[m], ¥ (ms™!]. Itis clear from
the above relationships that increasing discharge
causes faster growth in velocity than growth in
depth. This, in turn, accounts for the Froude num-
ber increase in conditions of rising discharge level.
It should be taken into account, therefore, that
increase in stream energy ought to be reflected in
higher, frequency of transitional- and supercriti-
cal-flow depositional structures. In upper-stage
plane-bed conditions horizontal lamination and
massive structure are formed; the latter mainly in
coarse-grained material. The origin of low-angle
cross-stratification (with angle of laminae dip does
not exceeding ten degrees) is connected with the
diminished dunes, i.e. transition from dune stage to
upper plane bed stage, and with antidunes.

Coarse-grained lithofacies that occur in progla-
cial complexes, as a rule, reflect rapid deposition in
conditions of upper roughness regime (see Tab. 5).
This is indicated by ill —defined horizontal stratifi-
cation and massive structure. Such a lithofacies
originated due to vertical accretion of longitudinal
bars or covering of bed by gravel sheets. Both de-
positional forms are characteristic of flat surfaces
on which deposition takes place in upper —stage
plane-bed conditions.

Both texture and structure of SGh lithofacies in
the Maczki-Bor section (Fig. 6; P1. 11, 1; P1. 111, 1)
classified it to the group of deposits of high-energy
level (see Tab. 2). Deposition occurred in proglacial
channel in conditions of high power flow. Such
mode of sedimentation should be identified, proba-
bly, with the central zone of braided channel, where
stream was of strong intensity and coarse-grained
low-relief bodies played the main depositional role.

In proglacial sediments of the Kuznica section
(complex K,) effects of high-energy flows can be
traced as well. Coarse-grained lithofacies Gm (Fig, 8;
Pl. VI, I) are characteristic of the association St, Sh,
SI, Gm. Their origin is connected with frequent, al-
though of short duration, flood flows of high power.

STRUCTURAL FEATURES DERIVED
FROM HIGH-DISCHARGE FLOW

Dynamics of meltwater streams is principally
featured by frequent, summer flood stages. Strong
discharges depend on both daily and seasonal va-
riations in ablation as well as on such events as, for
instance, supraglacial lake drainage.

Phases of high-discharge flow are reflected in
structural feature of fluvial deposits. During rising
stage and flood peak undoubtedly intensive erosio-
nal processes took place. Scours, which scale de-

pends on the power and depth of stream, formed at
that time. Blakey and Gubitosa (1984) point out to
the genetic relationship between large-scale trough
cross-beddings (more than 1 m deep) and flood
flows. The Upper Silesian sedimentary profiles stu-
died indicate that large-scale trough structures are
characteristic of pro- and extraglacial lithofacies
complexes.

Trough scours, 3 m deep and several meters
long, have been found in the association St of the
proglacial complex K, in Kuznica (Fig. 8). In the
Maczki section trough structures, 2 m deep and
10 m long (P1. VI, 2), are common within alluvium
of extraglacial river partly fed by meltwaters of the
association St, (Sp, SI) of the complex M, (Fig. 6;
Tab. 2). Textural and structural characteristics of
infill deposits are not pertinent to this locality be-
cause filling of the troughs took place during wan-
ing flood stages.

LITHOFACIES DEPOSITED FROM UNSTEADY FLOW

Due to frequent fluctuations of melwater dis-
charge proglacial streams are highly variable in
time, i.e. their flows are extremely unsteady. Flow
unsteadiness is determined by maximum to mini-
mum discharge ratio. Daily, this ratio is equal to
2 to 4, however, it reaches value of 20 to 50 during
one year (Fahnestock 1963; Smith 1974; Forbes
1983). Unsteadiness of proglacial streams is an im-
portant hydrodynamic feature, because: 1° distinc-
tion between flood and mean stages are very high
(results of this have already been discussed in the
preceding chapter), 2° these changes are rapid.

Instantaneous flow variability is connected
with small amount of unequivocally defined ver-
tical sedimentary sequences which can be identified
with conditions of progressively rising or falling
flood stages. As a rule, vertical changes, both tex-
tural and structural, within lithofacies associations
are rapid. Thus in the Kuznica section within the
sandy association St, Sh, SI, Gm of the complex K
(Fig. 8) gravel lithofacies Gm have been found (Pl.
VI, 1) indicating flood flows. Inversely graded se-
quences, that reflect progressive shear stress increase
during rising stage, have not been observed in
beds immediately overlain by Gm lithofacies. Beds
overlying gravel lithofacies are also lack of normal-
ly graded sequences which could be identified with
deposition during gradually waning flood stage.
Sheets of fine sands are also observed in this as-
sociation. They mark short phases of abrupt cur-
rent cessation. The channel bed was a site of uni-
form, fine-grained deposition from suspension.
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It should be noted that as the proglacial chan-
nel deposits are usually characteristic of their very
low frequency of sedimentary sequences the braid-
plain subenvironment is enriched in them, e.g.
overbank associations of K, complex in the Kuz-
nica section (Fig. 10; P1. I11, 2). Structural sequen-
ces have been found there together with normal
grain-size grading, which formed during phases of
waning flood and flow decaying.

The other feature indicating flow unsteadiness
is abundance of trough scours filled by fine-grained
sediment. Large-scale troughs with silty sand infills
have been found in the Maczki section in upper and
lower part of St, (Sp, SI) association of the complex
M, (Fig. 6; P1. VII, I and 2). Also in Kuznica, in
the association St, Sp of the complex K, (Fig. 8)
silty fine-grained sands fill erosional trough struc-
tures of medium and large scale. There was
two-stage mechanism of the formation of these
structures. The first, erosional stage of formation
of large scours must have taken place in conditions
of high-energy level. Their later filling by fine-grain-
ed sediment was related to flow of so low velocity
that it enabled deposition of material of silt and
fine sand size range. Very often it was fall-out from
suspension. Thus both stages represent different
hydrodynamic conditions. Similar large-scale
trough structures filled by fine sands displaying
ripple-drift cross-lamination have been recorded in
subaquatic outwash fan environment (Zielinski
1980). Fielding (1984) also considers silty infills of
large-scale trough scours as a result of abrupt va-
riations of flood flow intensity.

DEPOSITIONAL EFFECTS DEPENDENT
ON CHANNEL SINUOSITY

Proglacial waterways are characterized by low
sinuosity!. Therefore, cross-stratified structures of
deposits originated in channel subenvironment
have peculiar directional distributions. Dip direction
data of cross-beddings cover relative narrow azi-
muth mode and mean vectors usually well fit to the
general palaeochannel direction.

Vector magnitude L (Curray 1956) is the meas-
ure of orientation data concentration. Values of this
parameter for braided channel deposits are high:
L»60% (Casshyap 1973), L = 67%. (Landvik,
Mangerud 1985), L =68% (Graham 1981),
70{ L{90% (Jones 1979). Directional distribu-
tions are most often unimodal (Bluck 1976; Gra-

! According to Rust (1978) low-sinuous channels have the
sinuosity coefficient sn lower than 1.5.

ham 1981; Khan, Casshyap 1981 ; Steel, Thompson
1983; Mader, Teyssen 1985) or bimodal (Smith
1972; Bluck 1974), rarely polymodal (Bluck 1974;
Cant, Walker 1978). Directional modes cover usu-
ally the range up to 90° (Jones 1979; Bluck 1980;
Graham 1981).

For the channel-derived associations of the com-
plex M, in the Maczki-Bor section vector mag-
nitude is 65 L{76% at the average value L of
72%. On the other hand, channel-derived associa-
tions of the complex K, in the Kuznica site have
the vector magnitude of 66 {( L{74% (L = 70%;
Fig. 11). These values of L are related to the low
spread of palaeoflow direction and they can succes-
sfully be considered as indicators of low sinuosity
of depositional channels. In the author’s opinion,
orientation distributions with L values over the
range 50 —60% suggest that lithofacies association
formed in subenvironment of low-sinuous channel.
Therefore, it may be a criterion for reconstruction
of the palaecochannel pattern.

Differentiation of orientation distribution in
terms of structural features of lithofacies associa-
tions studied has also been considered. Associa-
tions derived from transverse bar subenvironment
display higher homogeneity of orientation distribu-
tions than associations deposited in channels with
duned bed. Associations with Sp index lithofacies
have higher values of L parameter than associa-
tions with St index lithofacies of medium scale.
Thus, in the Maczki-Bor section, in the complex
M,, tabular cross-beddings display higher homo-
geneity of distribution (74 { L {86%) than trough
ones (54 { L{79%). Moreover, vector mean azi-
muth ¥V obtained from tabular cross-units is of
higher convergence with channel axis direction
than that obtained from trough cross-beddings. In
the Kuznica site, within the complex K, associa-
tion contained trough and tabular cross-sets (S,
Sp) has greater vector magnitude (L = 74%) than
associations lacking of tabular beds, e.g. St and St,
Sh, SI, Gm, (L = 66%). This dependence of direc-
tional distribution on structural features should be
explained in terms of channel bed morphology.
Depositional fronts orientation of transverse bars,
were, presumably, homogeneous and prograded in
direction paralell to the channel axis. On the other
hand, the pattern of both three-dimensional dunes
and trough scours was more random. The migra-
tion direction of bedforms was very often determin-
ed by local currents within the channel. The differ-
ence in size between bars and dunes should also be
kept in mind. The bars are large-scale channel
forms, and, therefore, their orientation is strongly
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Fig. 10. The Kuznica WargZyniska site — complex K, — overbank sediments of braided river environment. Lateral passage of
lithofacies associations from proximal to distal alluvial plain. For explanations see Fig. 6
Kuznica Wargzynska — kompleks K, — pozakorytowe osady rzeki roztokowej. Oboczna zmiennosé zespol6éw litofacji postgpujaca
od strefy przykorytowej do zewngtrznej rOwni zalewowej. Objasnienia na fig. 6
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Fig. 11. Some lithofacies associations of proglacial origin.
Orientation data obtained from cross-stratification structures.
V — vector mean azimuth (direction of an arrow); L — vector
magnitude (length of an arrow); N — number of readings

Rozklady danych kierunkowych z przekatnych stuktur depozy-

cyjnych niektorych zespolow litofacji proglacjalnych. ¥ — azy-

mut wektora wypadkowego (ukierunkowanie strzatki);

L — wielko§¢ wektora wypadkowego (dlugo$é strzaiki);
N — liczba pomiarow

dependent on the channel axis, contrary to smaller
bed forms, as the dunes are.

We should also mention the possibility of quan-
titative determination of the palacosinuosity coeffi-
cient on the basis of cross-bedding orientation of
channel deposits:

sn = 1/[1—(V,/252)%, (€)

where: V; — maximum result of mean vector sub-
straction for succeeding associations within one com-
plex (Langbein, Leopold 1966).

Majority of calculations made for braided
channel alluvium gave sinuosity coefficient values
of 1.0 < sn <-1.1. This range of values suggests
nearly straight palaeochannel. The author suspects

20 — Geologia Sudetica 1-2/92

that results obtained from the equation 3 are too
low and should be used with a kind of scepticism.

PECULIARITY OF PROGLACIAL DEPOSITS
IN THE LIGHT OF PALAEOHYDRAULIC
ANALYSIS

Palacohydraulic analysis is of great importance
to study thick sedimentary profiles, in which we
can expect associations originated from proglacial
streams. Principal hydraulic parameters of palaeo-
flows depositing succeeding complexes are quantita-
tively interpreted. Parameters of mean velocity and
mean depth play particular diagnostic role. Fur-
thermore unit stream power is an essential parame-
ter determining energy of flow which should reach
its maximum during meltwaters discharge into the
valley. Moreover it should be taken into acount
that proglacial flows are characterized by high va-
lues of Froude number as it was discussed in the
preceding chapters. The role of particular hydrau-
lic parameters in sedimentology as well as the way in
which they are estimated are given in Appendix.

Palacohydraulic analysis of deposits of the Ma-
czki-Bor section enabled comparison of parameters
of flow depositing pro- and extraglacial complexes
(M, and M,) and upperlying complex M, derived
with the river without ablational feed. Channel
flows connected with meltwater supply were higher
in Froude number by a factor of 1.2, in the velocity
by 1.5, in the depth by 2.0 and in unit power by 11.0
(see Tab. 3).

In the Maczki site, channel deposits of the com-
plex M, pass upward into deposits of extraglacial
valley lake of the complex M, (Figs. 3 and 6). This
situation is reflected in a consistent palaecohydrau-
lic parameters variability within M, complex profi-
le. Gradational environmental change from large
extraglacial river to valley lake is characterized by
energy level decrease in upper associations of the
complex M,. Vertical passage of association St,
(Sp, SI) into association Sp, (St, Sh, Sr) results in
decreasing in: 1° an average depth by a factor of
1.7; 2° velocity by a factor of 1.5; 3° shear stress by
a factor of 2.2; and 4° unit power of palaeoflows by
a factor of 3.0 (see Tab. 3).

In the lower part of the complex M, in Maczki
two laterally adjoined associations St, (Sp, S/) and
Sp, Sh, S have been recognized. On the ground of
lithologic character (Tab. 2) it has been concluded
that both associations represent braided channels
system. The former association originated in sub-
environment of the main, large-scale channel, whe-
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Table 3. Hydraulic parameters of palaeoflow depositing associations of: the Maczki-Bér succesion
Parametry hydrauliczne paleoprzeplywow deponujacych zespoly litofacji profilu Maczki-Bér

Unit
power
Jedno-

Shear
Depth Velocity Froude  gtregs

. . . L. Glebokos¢ Predko$¢ number
association Spa- Lithofacies analysed and their origin prgel u prziilywu Liczba Nazlrgze stkowa

Zespol dek Analizowane litofacje i ich geneza m m s-1 moc
s Froude’a
litofagi S b b 8] Froudea icinajace o oeoty
D VvV Fr 2
> max N m J[Nm 1571]
T
®

T ithn_

facies
complex
Kompleks
litofa-
cjalny

Lithofacies Slope

St(Sh, Sp) 0.0019 medium-scale trough cross-stratification

(3-dimensional dunes) 0.9 14
przekatne warstwowanie rynnowe s$red-
niej skali (diunowe)

medium-scale tabular cross-stratification
(transverse bars)

przekatne warstwowanie tabularne sred-

niej skali (odsypéw poprzecznych)

0.49 0.8 1.2

Sp 0.0022

0.1-0.2 0.5 043 0.8 0.4

SGh 0.0026 horizontal stratification (upper stage
M plane bed) 04 1.5
warstwowanie poziome (goérnego pla-
skiego dna)

0.77 10.2 15.5

medium-scale tabular cross-stratification
(transverse bars) and medium-scale

trough cross-stratification (3-dimensio-

nal dunes) 0.5
przekatne warstwowanie tabularne $re-
dniej skali (odsypow poprzecznych) i ryn-
nowe Sredniej skali (diunowe)
medium-scale tabular cross-stratification
(transvers bars)

przekatne warstwowanie tabularne $re-
dniej skali (odsypoéw poprzecznych)
large-scale trough cross-stratification
(pools) 2.0 2.1
przekatne warstwowanie rynnowe wiel-

kiej skali (duzych rozmy¢ dna)

medium-scale trough cross-stratification

(3-dimensional dunes) 0.9 1.5
przekatne warstwowanie rynnowe $re-

dniej skali (diunowe)

large-scale trough cross-stratification

(pools) 1.5 1.7
przekatne warstwowanie rynnowe wiel-

kiej skali (duzych rozmyé dna)

Sp(St, Sh, Sr)

09~-13 049 33 3.6

Sp, Sh, SI

04-0.5 1.1 0.51 33 3.6

M, St(Sp, SD
upper part
czg$¢ goérna

0.0021
0.47 33 6.9

St(Sp, SD
lower part
cze$é dolna

0.51 7.2 9.3

045 7.2 12.4

reas the latter one in secondary shallow channel.
This conclusion is evidenced by results of palaeo-
hydraulic analysis. Deposition of St, (Sp, Sl) as-
sociation was caused by flow three-times deeper
and faster, with shear stress two-times greater, and
unit power seven-times higher than that which de-
posited association Sp, Sh, S/ (see Tab. 3).

In the KuzZnica site, within the proglacial com-
plex K, two laterally passing each other associa-
tions have also been established. These are associa-

tions St, Sh, SI, Gm (subenvironment of shallow,
wide channel) and St (subenvironment of deep
channel) (Tab. 2). This environmental hypothesis
has also been confirmed by palaeohydraulic cal-
culations. The associations St formed in the chan-
nel two-times deeper with both shear stress and
unit power 1.6-times higher than channel palaeo-
flows of St, Sh, SI, Gm association (Tab. 4).

It can be concluded, therefore, that palacohyd-
raulic analyses provide us with satisfactory results
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Table 4. Hydraulic parameters of paleoflows depositing associations of the KuzZnica Warg¢zynska succesion

Parametry hydrauliczne paleoprzeplywéw deponujacych zespoly litofacji profilu Kuznica Wargzynska

Litho-
facies
complex
Kompleks
litofa-
cjalny

Lithofacies
association
Zespdt
litofacji

Slope
Spa-
dek

S

Lithofacies analysed and their origin
Analizowane litofacje i ich geneza

Depth

[m]
D, D

Velocity Froude
Glgbokos¢ Predko$¢ number Napreze-
przeptywu przeptywu Liczba i
[m s™!] Froude’a §cinajace

Fr

Unit

Shear power

stress

jedno-

me stkowa

[N m™?%] [Nm~ts71]

K SGm

2

0.0093

crude horizontal stratification (upper-
-stage plane bed)

warstwowanie poziome (gérmego pla-
skiego dna)

0.3

1.9

1.16

25.6 49

St, Sp

medium-scale trough cross-stratification
(3-dimensional dunes)

przekatne warstwowanie rynnowe $red-
ni¢j skali (diunowe)

medium-scale tabular cross-stratification
(transverse bars)

przekatne warstwowanie tabularne Sred-
niej skali (odsypoéw poprzecznych)

0.6

0.3

1.4

0.9

0.58

0.57

1.4 2

St

0.00304

medium-scale trough cross-stratification
(3-dimensional dunes) and large scale
trough cross-stratification (pools)
przekatne warstwowanie rynnowe §red-
niej skali (diunowe) oraz wielkiej skali
(duzych rozmy¢ dna)

1.4

30

2.6

0.67

24.2 63

St, Sh, SI, Gm

medium-scale trough cross-stratification
(3-dimensional dunes)
przekatne warstwowanie rynnowe $red-

1.3

2.4

0.66

8.2 20

niej skali (diunowe)
horizontal
plane bed)

stratification (upper-stage

0.8—-0.9 23 0.82 24.2-256 56—60

warstwowanie poziome (goérnego pla-

skiego dna)

of identification of proglacial channel systems in
which channel different in size and hydrodynamics
were simultaneously active.

Energetic differences between fluvial environ-
ments of both sites have been estimated. Average
values ofiunit power and shear stress calculated for
main associations of the Kuznica complex K, and
for two complexes from Maczki (M, and M,) have
been compared. Shear power and unit stress were

three- and five-times higher for the depositional
environment in Kuznica. The difference in palaeo-
flow dynamics between both sites is self-explained
by their palaeogeography. Sedimentation of the
Kuznica deposits took place 7 km from maximum
extent of Odranian ice-sheet, whereas the Macz-
ki-Bor site was situated approximately 30 km from
probable marginal zone of this ice-sheet (Fig. 5).

FINAL REMARKS

The above lithologic and genetic considerations
may play role of criteria for identification of an-
cient proglacial facies. It is practice that shows us
that proglacial sedimentary environment is spatially
variable and, therefore, rigid facies models cannot
be applied to the genetic considerations. Proglacial

rivers were modifications of classical glaciofluvial,
streams, i.e. outwash, dependent on local palaecogeo-
graphic factors. This specially concerns examples
of upland located sites studied where direct influ-
ence of ice-sheet was considerably complicated by
the following geomorphologic factors:
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Tabela 5. Flow dynamics and bed morphology interdependence exemplified by parameters of Froude number and roughness
coefficient

Wplyw dynamiki przeplywu na morfologic dna w $wietle zaleznosci parametréw liczby Froude’a i wspolczynnika oporu

Froude Roughness
number Flow regime Bed & channel forms Roughness regime coefficient
Liczba Ustrdj pradu Formy dna i koryta Ustrdj szorstkosci Wspolczynnik
Froude’a* oporu przeplywu**
upper flow regime chutes & pools
(supercritical flow) wielkoskalowe 0.018 < n < 0.030
Fr>1.30 gorny ustroj rozmycia dna
(przeplyw nadkrytyczny) ]
antidunes 0.011 < n < 0.019
antydiuny

1.00 < Fr < 1.30

upper plane bed
gorne plaskie dno

0.010 < n < 0.014

upper regime
gorny ustrdj

0.019 < n < 0.038

0.026 < n < 0.030

lower re, me
dolny ustroj

transition o
0.60 < Fr < 1.00| warunki diminished dunes
. ) przejéciowe g rozmyte diuny
S
Q
0.30 < Fr < 0.60| upper field g3 E dunes
czgSC gorna | & 2 3 diuny
- o transverse bars
021 < Fr <031 c 0B B
lower field | < ; S £ odsypy poprzeczne
$¢ dol 2288 .
0.05 < Fr < 0.30| Z&¢ 0| 3= = & ripples
riplemarki

0.017 < n < 0.029

* Data by Simons and Richardson (1966), Bloodget and Stanley (1980).
** Combination data of Simons and Richardson (1961), Albertson and Simons (1964), Supplemented.

1° there was “‘constraint” proglacial sedimen-
tation in old valleys incised in bed-rock;

2° meltwater streams before reaching main val-
leys had to flow through gorges and dales (for
example see Fig. 5) that had changed their primary
character mainly in terms of sediment discharge
and mode of sediment transport;

3° local accumulation of alluvial fans develop-
ed from upland slopes to valley overlapped fluvial
sedimentation (see delluvial complex K, in Figs.
4 and 8).

Therefore, sedimentologic criteria described he-

rein are only a part of research necessary to with-
draw valid palacoenvironmental conclusions. They
must be supplemented by detail petrographic ana-
lyses of alluvium because petrographic composi-
tion provides us with a conclusive evidence of glaci-
gene supply of “fresh” clastic material to drainage
basin. Sphericity analysis of sand-sized quartz gra-
ins plays the same role, although satisfactory re-
sults are obtained only from thick vertical profiles
reflecting long periods of time — of glaciation-in-
terglacial range.
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APPENDIX

PROCEDURE OF PALAEOHYDRAULIC ANALYSIS

Palaeohydraulic analysis aims at quantitative
characteristics of depositional fluid medium and its
variability in time and space. These features are
described by principal hydraulic parameters: mean
depth, mean velocity, Froude number, shear stress
and unit power of palaeoflow. In many cases palaeo-
hydraulic parameters have been a firm basis for
making earlier, established in the course of tradi-
tional sedimentologic analysis, genetic conclusion
concerned a lot of lithofacies associations more
precise.

INPUT DATA

Thickness of crossbedded lithofacies t [m].

Slope of channel bed S [dimensionless] has been
determined on the basis one of the three methods
available. The choice of the method was stipulated
by the particular field conditions. The three me-
thods are:

1° Method of direct geodesy measurement (tri-
gonometric levelling) has been applied if the fol-
lowing requirement were fulfilled: a) quarry work-
ing face was parallel to the valley axis, b) measur-
ing objects were sheet beds with length exceeding
20 m.

2° Method of slope calculations on the basis of
borehole plan. These calculations were related to
the base surfaces of fine-grained (clayey-silt) com-
plexes which ,,mummified” fossil top surfaces of
channel alluvium. These fine-grained deposits co-
vered uniformly the whole bed of the river valley on
the reach of several kilometers, e.g. complex M, in
Fig. 3. Network of drill-holes covered the inves-
tigated area (mine resources documentation) and
succeeding drill-holes were situated in the direction
of valley axis.

3° Palaeochannel slope of uppermost complex
was assumed to be the same as the slope of terrace
which was composed of that complex providing
that: a) the terrace was genuine surface of river
accumulation, i.e. without traces of later erosional
processes as well as aeolian deposits, b) near-surface
deposits derived from braided, i.e. low-sinuous, ri-
ver (then ancient channel slope is comparable with
the slope of present-day terrace).

Manning’s roughness coefficient n [dimension-
less). In the case of sand deposits, structural fea-
tures of lithofacies were the basis for concluding

about primary depositional forms. They, in turn,
enabled determination of flow regime, and, there-
fore, determination of roughness coefficient* (Tab.
5). In the cause of horizontally stratified or massive
gravels value of grain roughness coefficient n, was
calculated on the basis of grain-size diameter of
deposited material:

n, = 0.038 do-17. )

where d [m] — grain-size diameter (Strickler 1923).

Grain-size diameter d. Sedimentological studies
indicate that the flow dynamics is reflected in coar-
sest sizes of deposited material. It is generally ac-
cepted that the grain-size diameter equal with d, .,
range obtained from cumulative plot is an adequate
quantity in this case (Costa 1983; Maizels 1983c;
Ryder, Church 1986). In the case of gravels this
value may be identified with maximum particle
size, i.e. average diameter of ten maximum grains in
the sample (Bluck 1967; Maizels 1983c; Steer, Ab-
bott 1984). Intermediate axis b is measured.

Specific weight of water y [N m ™3] is assumed to
be equal 9820. This is measurement of proglacial
stream at 4°C and with suspended load content of
2 kg m™ 3 (Boothroyd, Ashley 1975).

PROCEDURE OF CALCULATIONS

In general, there are two ways of palaeohyd-
raulic estimation. The first one is related to sandy
deposits, whereas the second is applied to gravels
(Fig. 12). In both cases index lithofacies of par-
ticular associations are analysed.

In the case of lithofacies of cross-bedded sands
the first step is to determine a mean depth of palaeo-
flow D [m]. Structures of medium-scale trough
cross-stratification indicate the height of three-di-
mensional dunes:

haune = 2irough strucrre (Simons, Richardson 1962) (2)

dune
hy . =1.51 (Harms, Fahnestock 1965) (3)

dune trough structure

Mean value of A for both equations is taken as
a final result. Height of dunes has been used for
mean depth of palaeoflow estimation (Carey, Kel-

* Average value n obtained from particular ranges from
Table 5 was used in calculations.
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| sands-piaski

—

gravels - zwiry

[ ]

Fig. 12. Scheme of palaecohydraulic estimations carried out for sandy and gravelly channel sediments. / — input data;
2 — estimated parameter; 3 — number of equation. Comments in text

Schemat obliczenn paleohydraulicznych dla korytowych osadoéw piaszczystych i zwirowych. / — dane wyjSciowe; 2 — parametr
obliczany; 3 — numer wzoru. Dalsze objasnienia w tekscie

ler 1957; Simons, Richardson 1962; Harms, Fah-
nestock 1965):

D~2h 4)

Medium- and large-scale tabular cross-beddings
that formed due to distal accretion of transverse
bars may be treated as a good indicator of depth of
palaeoflow (Friend, Moody-Stuart 1972; Klimek
1972; Eynon, Walker 1974):

dune *

D= tlabular cross-set

A. K. Teisseyre pers. inf.

.10t < D1.25<¢ 6)
The depth of palaeoflow calculated this way is,
thereafter, identified with hydraulic radius R [m)].
This is possible because the studied deposits are
related to braided rivers, in which the width of
channel considerably exceeds its depth.

Mean velocity of palaeoflow V [m s~ 1] has been
estimated by using the Manning’s formula:

V= n—1 R0.67 SO.S_

tabular cross-set

Q)

Dynamic characteristics of flow is determined,
among others, by flow regime which is characteriz-
ed by the Froude number Fr [dimensionless]:

Fr=V(gD)™ %3, 8)
where g — acceleration of gravity. This step of
palaeohydraulic analysis is of particular import-
ance because the Fr value obtained can be used to
check the correctness of estimation of depth and
velocity parameters which are themselves compo-
nents of the equation 8. The type of depositional
structures studied enables prediction of numerical
range of Fr parameter (Tab. 5), whereas the equa-
tion 8 makes conclusions of hydrodynamic condi-
tions more precise, i.¢. precisely determined level of
given palaeoflow regime.

Shear stress T [N m™ 2] influenced by the flow on
channel bed has been derived from Shield’s for-
mula plot (see for instance Church and Gilbert
1975 — Fig. 17b).

Energy level of palacoflow is determined most
precisely by parameter of unit stream power o [N



PROGLACIAL VALLEY FACIES OF THE SILESIAN UPLAND

109

(ms}?], i.e. stream power calculated per unit width
of channel:

o=tV

€)

Quite different procedure of estimation has been
applied to gravel deposits (Fig. 12). Gm and Gh
lithofacies were deposited in upper-stage plane-bed
conditions. They are lacking in cross-beddings, there-
fore, equations 2—6 cannot be used in the case.
Depth of palaecoflow, i.e. hydraulic radius, has
been calculated from Du Boys’ expression:

R=yStL. (10)

An average value obtained from the following for-
mulae together with Shields’ formula plot for coarse-
-grained deposits (Williams 1983 — Fig. 4) have
been used as a critical shear stress 7, in the
equation 10:

1., = 0.0801 4, for d > 5 mm (Lane 1953), (11)
7, = 0.0774 d (Bogardi 1974), (12)
1158 =d,,/18.28 ford > 10 mm (Carling 1983)(13)

where: 1., [kG m™2], d [mm]

Velocity of palaecoflow sedimenting gravel depo-
sits has been calculated by means of the Manning’s
formula (eq. 7) in which roughness coefficient was
replaced by grain roughness coefficient (eq. 1).

Value of shear stress t is the same as in equa-
tion 10.

Other parameters, i.e. Froude number Fr and
unit power @ have been estimated by using the same
equations (8 and 9) as in the case of palaeohydraulic
analysis of sandy deposits.

Translated by Janusz Janeczek
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Streszczenie

ABSTRAKT. Dokonano analizy sedymentologicznej osadéw czwartorzedo-
wych wypelniajacych glebokie doliny i iajacych si¢ w kopalniach odkryw-
kowych Wyzyny Slqslne_] W osadach wydzielono litofacje, zespoly litofacji oraz

Al

y litofacjalne. Wydzielenia litofacjalne postuzyly do interpretacji subsrodo-
wnsk i §rodowisk sedy yjnych. Przefled i $¢ warunkéw akumulacii
dolinnej w neoplej ie i hol ie. Badania skoncentrowano na tych osadach

piaszczystych i piaszczysto-zwirowych, ktorych charakter litofacjalny sugerowat ge-
nez¢ w warunkach przeplywéw ablacyjnych na przedpolu ladolodu (proglacjalnych).

Tacial Swiot]

Przedyskutowano czynniki genetyczne sedy ji proglacjalnej w nastgpu-
jacych cech litofacjalnych: 1° charakter litofacji i zespoléw litofacji, 2° oboczna
zmienno$é litofacjalna, 3° litofacje wysokoenergetyczne, 4° cechy litofacjalne wynika-
jace z duzych wydatkéw i silnej zmiennodci przeplywu, 5° dane kierunkowe, 6°
paleohydraulika. Zaakcentowano te cechy teksturalno-strukturalne, ktére mogg shu-
zy¢ jako kryteria identyfikacyjne kopalnych facji proglacjalnych. W dodatku do
artykulu podano tok analizy paleohydrauliczne;j.

WSTEP

Badania osadéw czwartorzgdowych na wyzynach napoty-
kaja na liczne utrudnienia. Na wierzchowinach profile osadowe
sa z reguly zredukowane i w przewazajacej mierze skladajq si¢ ze
zwietrzelin i deluwiéw. Najbardziej miazsze profile wystepuja
w dolinach. Osady dolinne reprezentowane s3 najczesciej przez
monotonne kompleksy piaszczyste — ,,nieme” w sensie straty-
graficznym. Wnioskowanie wiekowe musi opiera¢ si¢ w tym
wypadku na wnikliwej analizie zdarzeft dynamicznych zacho-
dzacych w dolinie. Badania sedymentologiczne, jak si¢ wydaje,
przyblizaja interpretacje paleoklimatyczne i paleogeograficzne
w skali odcinka doliny i zlewni bezposredniego sasiedztwa.

Rozwazania zawarte w niniejszym artykule sa wynikiem

badanh przeprowadzonych w odstonigciach dokumentujacych
osady dwoch stosunkowo duzych dolin Wyzyny Slaskiej — Bia-
fej i Czarnej Przemszy (fig. 1). Analizy sedymentologiczne pro-
wadzono w rozleglych odstonigciach kopalh piaskéw podsadz-
kowych: Maczki-Bor i Kuznica Wargzynska.

Osady uznane za proglacjalne autor przedstawit na szer-
szym tle geologicznym, tj. w superpozycji kompletnych profili
i zdarzen geodynamicznych w dolinach obu rzek. Szczegétowa
dyskusja sedymentologiczna ograniczona zostata natomiast do
facji proglacjalnych.

UWAGI TERMINOLOGICZNE

Rzeka proglacjalna w zrozumieniu autora to przeptyw ko-
rytowy, ktorego istnienie zwiazane jest bezposrednio z obecnos-
cia topniejacych mas lodowych, tj. rzeka zasilana wodami ab-
lacyjnymi (por. Klimaszewski 1978; Edwards 1986). Odplyw
takiej rzeki skierowany jest na zewnatrz od strefy zZlodowacone;j.
W gornych odcinkach rzeki proglacjalne sa korytami sandrowy-
mi (proglacjalnych stozkéw naplywowych), w tych strefach wo-
dy proglacjalne utozsamiane sa z odplywami fluwioglacjalnymi.
Wraz z dystansem zyskuja najczgSciej charakter rzecznych prze-
ptywéw dolinnych.

Rzekq ekstraglacjalng autor nazywa ten przeplyw koryto-
wy, ktory istnieje na przedpolu lodowca (ladolodu) i prowadzi
gléwnie wody nie pochodzace z topnienia lodu. Nalezy jednak
wyraznie zastrzec, ze rzeki ekstraglacjalne w trakcie swego biegu
moga przyjmowaé pewne doplywy wod ablacyjnych. Rzeka eks-
traglacjalna pod wzglgdem hydrodynamiki i stylu sedymentacji
jest wigc ogniwem przejsciowym miedzy rzeka proglacjalng
a rzeka obszaru niezlodowaconego.

FORMY DEPOZYCYJNE

W grupie rytmicznych form dna autor wyr6znia riplemarki
i diuny. Granica morfometryczna miedzy tymi dwoma rodzaja-
mi form dna to wysoko$¢ = 6 cm i rozstgp = 60 cm (przyjeto za
Guy et al. 1966; Allenem 1968). W grupie diun wydzielono diuny
prostokrawedziowe, tj. dwuwymiarowe (sand waves — Booth-
royd i Hubbard 1975; fale piaskowe — Gradzinski et al. 1986)
oraz diuny krete, tj. tréjwymiarowe (megaripples — Boothroyd
i Hubbard 1975; sand waves — Harms et al. 1975; duze riplema-
rki — ‘Gradzifiski et al. 1986) (por. fig. 2).

Riplemarki i diuny jako formy dna winny by¢ wyraznie
rozgraniczone od odsypéw — wielkoskalowych form koryta.
Odsypy sa bowiem scisle zwiazane ze skala i ksztaltem koryta,
a ponadto migracja i modyfikacja odsypow laczy si¢ zwykle ze
zmianami morfologii koryt. Odsyp to forma koryta, ktorej wy-
sokosc jest poréwnywalna z glebokoscia przeptywu, a dlugosé
jest rowna lub wigksza od szerokoéci koryta (Task Force 1966).
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STRUKTURY DEPOZYCYJNE

Przy okreslaniu skali litofacji autor przyjal wielkos¢ 6 cm
jako gorna, graniczng migzszo$¢ zestawow malej skali. Migz-
szo$¢ 30 cm zostala natomiast przyjeta za granice migdzy ze-
stawami Sredniej i wielkiej skali (Campbell 1967).

Identyfikacja kopalnych diun oparta jest na tym, ze diuny
dwuwymiarowe, progradujac zgodnie z kierunkiem przeplywu,
tworza plaskie zestawy przekatne Sredniej skali narastajace na
plaskim, nie rozmytym dnie (por. Bluck 1974; Bridge 1978).
Natomiast w strefach separacji przeptywu, zwigzanych z diuna-
mi trGjwymiarowymi, powstaja zawsze prady wtorne, powodu-
jace nieckowate rozmycie dna (Guy er al. 1966; Allen 1968),
ktoére po wypelnieniu materialem piaszczystym tworza przekat-
ne warstwowania rynnowe $redniej skali (fig. 2).

Pod wzgledem struktury wewne¢trznej odsypy mozna po-
dzieli¢ na dwie grupy genetyczne. Do pierwszej naleza piaszczys-
te odsypy z frontami depozycyjnymi. Zbudowane sa one naj-
czeéciej z plaskich warstwowarn wielkiej i sredniej skali. Do tej
grupy naleza formy koryta, wystgpujace w literaturze jako od-
Sypy poprzeczne, jezykowe, ukosne, boczne. Druga grupg od-
sypow tworza niskoreliefowe, gruboziarniste formy narastajace
pionowo, pozbawione frontow depozycyjnych, ukierunkowane
zwykle zgodnie z kierunkiem przeplywu — odsypy podluzne.
Ich osady wykazuja niewyrazne warstwowanie poziome czy
wrecz strukturg masywna z imbrykacja materialu grubookru-
chowego (fig. 2).

WYDZIELENIA LITOFACJALNE

Autor stosuje trojstopniowy podzial jednostek litofacjal-
nych. Wydzieleniem podstawowym jest litofacja. Litofacje autor
utozsamia z pojedynczym zestawem (lub wielozestawem) warst-
wowania okre$lonego typu. Litofacja jest wigc depozycyjnym
efektem formy dna lub formy koryta. Zbior litofacji, powsta-
lych w efekcie wspolwystgpowania réznych form depozycyj-
nych, traktowany jest jako zespdl litofacji (por. tab. 1). Na
podstawie zespolu litofacji odtwarzane sa warunki przeptywu.

transportu, depozycji, morfologii dna w skali odcinka koryta, tj.
subfrodowisko sedymentacyjne. Sasiadujace ze soba, zarowno
w pionie jak i obocznie, zespoly litofacji grupowane sa w kom-
pleksy litofacjalne. Kompleks litofacjalny powstal w okreslo-
nych, wzglednie ustalonych (lub konsekwentnie zmieniajacych
si¢) warunkach sedymentacji. Stad nastgpstwo zespolow w kom-
pleksie litofacjalnym pozwala odtworzyC Srodowisko sedymen-
tacyjne (por. tab. 1).

W celu lapidarnej, a zarazem jednoznacznej charakterys-
tyki wydzielen litofacjalnych zastosowano symbolike kodu lito-
facjalnego wg Mialla (1977, 1978) i Rusta (1978) (por. Gradzin-
ski et al. (1986), s. 402). W przypadku niektorych litofacji kon-
wencjonalne symbole teksturalne (np. S — piasek, G — zwir)
okazaly si¢ niewystarczajace. W celu dokladniejszego okreslenia
litologii wprowadzono kod mieszany (np. SG — piasek Zwiro-
wy). W yjeciu kodu litofacjalnego kazda litofacja odpowiada
pojedynczemu symbolowi teksturalno-strukturalnemu, np. Sp
litofacja piaskow o plaskich warstwowaniach przekatnych. Ze-
spol litofacji charakteryzowany jest natomiast przez symbole
tych litofacji, ktorych udzial w danym zespole jest dominujacy
(litofacje wskaznikowe). Na przyklad, zespol, skladajacy sig
z trzech litofacji wskaznikowych o wzglednie rownej frekwencii,
uzyskuje symbol wielocztonowy Sp, St, Sh. Czgsto istnialy przy-
padki, gdzie w zespole, obok litofacji dominujacych wystepowa-
ly inne, o nieco tylko mniejszej frekwencji. Wowczas symbole
tych ostatnich umieszczono w nawiasach, np. Sh, Sr, (FSh) (por.
tab. 1).

W trakcie analiz sedymentologicznych kopalnych osadow
rzecznych zachodzi czgsto potrzeba porownania wydzielonych
kompleksow litofacjalnych z litosomami, ktore egzystuja w lite-
raturze jako modelowe, klasyczne (wzorcowe typy sekwencji
osadow wg Gradzinskiego et al. 1986). Tego typu litosomy (lub
zbiorcze profile litofacjalne) autor nazywa litotypami. Litotyp
jest wydzieleniem litofacjalnym (rangi kompleksu), gdzie cechy
litologiczne wynikaja z nastgpstwa zespolow litofacji, okreslone
jest srodowisko sedymentacyjne, podana jest lokalizacja geo-
graficzna, ktora tworzy nazwe litotypu, np. litotyp Platte River
(sensu Miall 1978).

SYTUACJA GEOLOGICZNA ANALIZOWANYCH OSADOW

Analizowane odsloni¢cia — Maczki-Bor i Kuznica Wargzyn-
ska — zalozone s3 w obrebie aluwiow dwéch wigkszych rzek
Wyzyny Slaskiej: Bialej i Czarnej Przemszy (fig. 1). Obecna
postaé¢ dorzecza Przemszy zostala utworzona w okresie zlodo-
wacenia Odry. Wowczas to analizowany obszar znajdowat si¢
na przedpolu zamierajacego ladolodu. Odplywy proglacjalne
(Czarna Przemsza) i proglacjalno-ekstraglacjalne (Biata Prze-
msza) porozcinaly wychodnie skal podloza i zaadoptowaly
starsza sie¢ dolinna do postaci dzisiejszej (por. fig. 5).

PROFIL MACZKI-BOR

Stanowisko Maczki-Bor znajduje si¢ w dolnym odcinku
doliny Bialej Przemszy (fig. 1, 3).

Profil Maczek (fig. 6) rozpoczynaja ity kompleksu M, —
najprawdopodobniej osad ekstraglacjalnego zastoiska dolinne-
go z okresu zlodowacenia Sanu. Wyzej zalega piaszczysty kom-
pleks M. Odzwierciedla on sedymentacj¢ korytowa roztokowej
rzeki ekstraglacjalnej zasilanej czgsciowo wodami ablacyjnymi.
Ku gorze przechodzi on w ilasto-mutowo-piaszczysty kompleks
M, (pl. I, 1 i pl. IIl, I), powstaly w warunkach dolinnego
zbiornika ekstraglacjalnego. Nastepnie zaistnial etap sedymen-

tacji w wysokoenergetycznym korycie proglacjalnym (piaszczys-
to-zwirowy kompleks M, — pl. II, /). Powstanie kompleksow
M,, M, M, przypadlo na zZlodowacenie Odry. Wyzejlegly kom-
pleks M, to piaszczyste aluwia rzeki roztokowej (pl. II, 2),
plynacej juz w warunkach braku dodatkowego, ablacyjnego
zasilania (zlodowacenie Wisly).

Szczegolowe analizy litofacjalno-wiekowe stanowiska Ma-
czki-Bor znajduja si¢ w pracach Lewandowskiego i Zieliniskiego
(1984, 1988, 1990) oraz Zielinskiego i Lewandowskiego (1990).

PROFIL KUZNICA WAREZYNSKA

Odsloniecie Kuznica Warezyniska zalozone jest w obrgbie
doliny Czarnej Przemszy na p6inocnym krancu Kotliny Dab-
rowskiej (fig. 1).

Podczas zlodowacenia Odry czolo ladolodu w swym mak-
symalnym zasiggu oparlo si¢ najprawdopodobniej o stoki tzw.
Garbu Srodkowotriasowego, lezacego bezposrednio na péinoc
od Kuznicy (fig. 7). Dolina Czarnej Przemszy pelnila wowczas
role wainego traktu odplywu wéd proglacjalnych (fig. S5).
W tym etapie powstaly dolinne osady kompleksu K, (fig. 4, 8).
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W kompleksie tym dominuja facje korytowe (fig. 8, 9), osady
pozakorytowe petnia role podrzedna (fig. 10; pl. III, 2). W brze-
znych partiach doliny sedymentowane byly osady piaszczys-
to-zwirowych stozkéw naptywowych (kompleks K, na fig. 4, 8;
pl. L, 2i pl. IV, I). Po etapie zaniku ladolodu doszlo do glebokie-
go wcigcia rzeki, a nastgpnie do sedymentacji zwirowych i piasz-
czystych aluwiow kompleksu K, (pl. IV, 2i pl. V, 1, 2). Osady

te datowane sa na zlodowacenie Wisly. Wyzejlegle, piaszczyste
aluwia kompleksu K, odzwierciedlaja zmian¢ warunkow sedy-
mentacji z rzeki niskokrgtej na meandrujaca, wieku holoceris-
kiego (pl. IV, I).

Profil Kuznicy byl przedmiotem opracowan litofacjal-
no-stratygraficznych Lewandowskiego i Zielifiskiego (1988)
oraz Zielinskiego (1984).

OSADY WOD PROGLACJALNYCH — CZYNNIKI GENETYCZNE
I ICH SEDYMENTOLOGICZNA IDENTYFIKACJA

LITOFACIJE 1 ZESPOLY LITOFACJI JAKO EFEKT DEPOZYCYJINY
FORM DNA 1 KORYTA

Osady odsypéw korytowych. Przeplywy ablacyjne charak-
teryzuja si¢ duza koncentracja materialu transportowanego.
W trakcie czgstych etapéw opadania fal wezbraniowych prze-
plywy staja si¢ ,,przeciazone” transportowym rumowiskiem,
dochodzi do intensywnej depozycji korytowej. Powstaja wow-
czas odsypy.

W gornych odcinkach arterii proglacjalnych, gdzie spadki
koryt sa duze, gtéwnymi formami koryta sa gruboziarniste od-
sypy podluzne (fig. 2) oraz denne pokrywy iwirowe.

Subsrodowisko wysokoenergetycznego koryta z odsypami
podtuznymi i pokrywami zwirowymi reprezentuje zespdt SGh
(Maczki, kompleks M, na fig. 6; pl. II, I). Stabo wysortowane
Zwiry piaszczyste wykazuja niewyraznie wyksztalcone warstwo-
wanie poziome lub strukture masywng.

Epizody przeptywéw wysokoenergetycznych, zwigzanych
z gruboziarnista depozycja pokryw dennych, istnialy w trakcie
sedymentacji zespotu St, Sh, SI, Gm (Kuznica, kompleks K, —
fig. 8; tab. 2). Powstaly wowczas litofacje Gm — stabo wysor-
towane zwiry, masywne, imbrykowane, tworzace lawice plasko-
rownolegle (pl. VI, ).

Bardziej zewnegtrzne strefy korytowych systeméw proglac-
jalnych oraz rzeki ekstraglacjalne charakteryzuja si¢ mniejszym
wplywem czynnika ablacyjnego, maja mniejszy spadek, domi-
nuje w nich depozycja piaskéw. Gléwnymi formami koryta sa
odsypy poprzeczne — formy z zapradowym, poprzecznie ukieru-
nkowanym do kierunku przeptywu frontem depozycyjnym, kto6-
ry prograduje poprzez lawinowa depozycje lamin nachylonych
(fig. 2). W tym subsrodowisku piaszczystego koryta roztokowe-
go z odsypami poprzecznymi powstaja zespoly charakteryzujace
si¢ dominacja litofacji przekatnych warstwowan tabularnych
Sp. Litotypy Platte River (Smith 1970, 1971) i South Saskat-
chewan River (Cant, Walker 1978) sa facjalnymi ekwiwalentami
takiej wlasnie rzeki.

Piaszczyste zespoly Sp, Sh, Sl oraz Sp, (St, Sh, Sr) z Ma-
czek (fig. 6) sa tymi osadami, ktére powstaly w warunkach
koryta o morfologii dna determinowanej obecnoscia odsypow
poprzecznych. W plytszych strefach tego subsrodowiska istniato
gorne plaskie dno (geneza litofacji Sh) i niskoreliefowe, roz-
mywane diuny (S/), w przeglebieniach giéwnego nurtu tworzyly
si¢ diuny tréjwymiarowe (S?), s w przybrzeznych strefach o sta-
bym pradowaniu — riplemarki (Sr) (por. tab. 2).

Osady glebszych koryt depozycyjnych. O ile w plytkich,
typowych korytach roztokowych gléwnymi formami depozycy-
jnymi sa odsypy poprzeczne, to w glgbszych korytach roztoko-
wych dominujg diuny trgjwymiarowe (Mc Donald, Banerjee
1971; Cant 1978; Cant, Walker 1978). Procesy lokalnej erozji
i depozycji doprowadzaja do powstania przekatnych warstwo-
wan rynnowych sredniej skali (por. fig. 2).

Przykladami osadéw takiego subsrodowiska korytowego
sa zespoly Kuznicy: St, i St, Sp, (fig. 8), oraz St, (Sp, S/) z Ma-
czek (fg. 6). Regula jest, ze jednostki rynnowe wystepuja tam
w dwdch odmianach. Najbardziej pospolite sa litofacje St sred-
niej skali, genetycznie zwigzane z diunami tréjwymiarowymi.
Rzadziej wystgpuja litofacje St wielkiej skali, o migzszosci do
2—3 mi dhugosci do kilkunastu metréw (pl. VI, 2). Jest to efekt
zapelniania osadem duzych rozmyé dna, ktére powstaly w okre-
sach wzmozonych przeplywéw, w strefach koncentracji pradu.
Litofacja Sp, wyst¢pujaca podrzednie w niektérych zespolach
tej grupy, reprezentuje lokalna depozycje odsypowa w przy-
brzeznych strefach koryta.

Osady plytkiego koryta z przeplywami typu zalewéw warst-
wowych. Zespét Sh, S! (Kuznica, kompleks K, — fig. 8) charak-
teryzuje si¢ obecnoscia piaszczystych lawic plaskoréwnoleglych
laminowanych poziomo i niskokatowo. Litofacja Sh reprezen-
tuje warunki depozycji w stanie gornego plaskiego dna, nato-
miast S/ powstala z niskoreliefowych, rozmywanych diun. Kon-
figuracja dna wskazuje na przeplywy nadkrytyczne lub don
przejsciowe (por. tab. 5), a wigc plytkie, o wysokich predkos-
ciach. Subsrodowiskiem sedymentacyjnym zespotu Sk, S! byto
koryto na tyle szerokie i plytkie, ze zachodzace tam przeplywy
odpowiadaly bardziej zalewowi warstwowemu niz ,,skanalizowa-
nemu”’, typowo korytowemu strumieniowi. Zespot ten poréwny-
walny jest z litotypem Bijou Creek (Mc Kee et al. 1967; Miall 1977).

Do tej samej grupy wypada zaliczyé wyzejlegly zespot
St, Sh, SI, Gm (fig. 8). Litofacje wskaznikowe Sh, S/ oraz Gm
sugeruja plytkie przeplywy, niekiedy o charakterze wysokoener-
getycznym.

OBOCZNA ZMIENNOSC ZESPOLOW LITOFACJH
JAKO EFEKT WSPOLWYSTEPOWANIA ROZNYCH
SUBSRODOWISK SEDYMENTACYJINYCH

W stanowisku Maczki-Boér zanotowano charakterystyczna,
oboczng zmiennos¢ litofacjalng. W kompleksie M, osady re-
prezentujace subsrodowisko plytkiego koryta z odsypami po-
przecznymi (zespét Sp, Sh, SI) przechodza obocznie w osady
sedymentowane w subsrodowisku glebszego koryta z dnem
w konfiguracji diun i wielkoskalowych rozmyé — zesp6t St (Sp, SI)
(por. fig. 6; tab. 2). Takie wspolwystepowanie dwoch zespolow,
a mianowicie plytkiego i glgbszego koryta, autor uznaje za bez-
posredni dowod na rozproszony wzor systemu korytowego, tj.
na srodowisko rzeki roztokowej. W dolinie rdwnocze$nie mu-
sialy istnie¢ koryta wigkszej i mniejszej skali, o ré6znym stylu
sedymentacji.

Podobna sytuacje litofacjalng stwierdzono w stanowisku
Kuznica. W kompleksie K, (fig. 8) wspoiwystgpuja obocznie
dwa zespoly: St — interpretowany jako osad glebszego koryta
z diunami, oraz St, Sh, SI, Gm — efekt depozycji w plytkim,
rozleglym korycie z przeplywami przypominajacymi zalewy war-
stwowe (tab. 2).
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LITOFACJE ZWIAZANE Z PRZEPLYWAMI
WYSOKOENERGETYCZNYMI

Wysokoenergetyczne srodowisko sedymentacji typowych -

osadow proglacjalnych wynika z dwéch zasadniczych czynni-
kow: spadku i wydatku przeplywu.

Czynnik spadku. Sedymentacja proglacjalna ma charakter
wybitnie agradacyjny, co wynika z duzej koncentragji transpor-
towanego materiatu i duzego tempa depozycji. Ten stozkowy
charakter sedymentacji powoduje konsekwentne stromienie
profilu podtuznego koryt proglacjalnych, a wiec wysokie war-
tosci ich spadku.

Czynnik wydatku. Srodowisko koryt proglacjalnych chara-
kteryzuje si¢ okresowo wzmozonymi przeplywami, co wynika
z periodycznie zwigkszanej ablacji. Wzrost wydatku przeptywu
(Q) taczy sie ze zwigkszong glebokoscia (D) i predkoscia (V), tj.
ze wzrostem energii przeplywu. Z empirycznej zaleznosci Mos-
leya (1982) dla koryt roztokowych wynika, ze predkosc prze-
plywu wzrasta wowczas szybciej niz glebokosc:

Q253 = [5/0,125, 1)
0°39% = V0,161, 2)

gdzie: Q [m3 s7!], D [m], V' [m s~ ). W tej sytuacji, przybor wod
w korycie laczy si¢ ze wzrostem wartosci liczby Froude’a, a wiec
przeplyw taki dazy ku ustrojowi nadkrytycznemu (por. tab. 5).
Sedymentacyjnym efektem tych przemian hydrodynamicznych
jest depozycja w stanie gérnego plaskiego dna: litofacje o lami-
nacji poziomej (Sh i Gh) i strukturze masywnej (Gm), czy w sta-
nie rozmywanych diun (lub antydiun): litofacja o przekatnym
warstwowaniu niskokatowym (SJ).

Zarowno uziarnienie, jak i struktura litofacji SGh w profilu
Maczek (fig. 6; pl. I1, 1, i pl. III, I) pozwalaja zakwalifikowac ja
do grupy litofacji wysokoenergetycznych (por. tab. 2). Réwniez
w Kuznicy (kompleks K,) mozna doszuka¢ si¢ efektow prze-
plywow wysokoenergetycznych. W zespole St, Sh, SI, Gm litofa-
cje Gm, Sh i SI (fig. 8; pl. VI, I) powstaly w warunkach prze-
plywow przejsciowych badz nadkrytycznych, a wiec s3 wyznacz-
nikami duzej intensywnosci strumienia.

CECHY STRUKTURALNE WYNIKAJACE
ZE WZMOZONEGO WYDATKU PRZEPLYWU

Zasadnicza cecha hydrodynamiki strumieni ablacyjnych sa
czeste okresy wysokich stanow wod. Wzmozone wydatki prze-
plywu uzaleznione sg zarowno od dziennych, jak i sezonowych
rytméw ablacji oraz od takich wydarzen, jak np. drenowanie

jezior supraglacjalnych. W okresach narastania i maksimum fali
powodziowej dochodzilo niewatpliwie do intensywnych proce-
sOw erozji dna. Wowczas powstawaly rozmycia, ktorych skala
jest funkcja mocy i glebokosci paleoprzeptywu.

W kompleksie K, Kuznicy (fig. 8) w zespole St notowano
rozmycia rynnowe o glebokosci do 3 m i dlugosci kilkunastu
metr6w. Natomiast w kompleksie M, Maczek (fig. 6) w zespole
St, (Sp, SI) pospolite sa rozmycia rynnowe o glebokosci do
2 m i dtugosci 10 m (pl. VI, 2).

LITOFACJE ZWIAZANE Z PRZEPLYWEM
NIEUSTALONYM

Cze¢ste wahania stanu wod ablacyjnych powoduja, Ze prze-
plywy proglacjalne sa wysoce zmienne w czasie, czyli sa to
przeplywy bardzo nieustalone. Brak stabilnosci jest wazng ce-
cha hydrodynamiczna tego Srodowiska, gdyz: 1° r6znice miedzy
stanami wezbraniowymi a $rednimi sa bardzo duze (czego efek-
ty juz rozpatrzono), 2° zmiany te maja charakter gwaltowny.

Z gwaltownej zmiennosci przeplywu wynika ubostwo jed-
noznacznie zdefiniowanych, pionowych sekwencji osadowych.
Z reguly zmiany teksturalne i strukturalne w profilach zespoléw
sa nagle. I tak w zespole St, Sh, SI, Gm (Kuznica, kompleks K, —
fig. 8) lawice Gm, powstale w etapach przeplywow wezbranio-
wych, nie wystepuja w superpozycji z innymi litofacjami, z kt6-
rymi tworzyly sekwencje deponowane w trakcie stopniowego
narastania lub opadania mocy przeptywu. To samo dotyczy
rozleglych lawic mulowych piaskow drobnoziarnistych. Wyste-
puja one catkiem przypadkowo w profilu zespotu, a wiec znacza
krotkotrwale etapy naglych spadkow intensywnosci przeptywu
i nastania warunk6éw drobnoziarnistej depozycji zawiesinowej.

Inna cecha wskazujaca na warunki przeplywu nieustalone-
go jest liczne wystepowanie struktur rynnowych wypemionych
osadem drobnoziarnistym. W zespole St, (Sp, SI) w Maczkach
(kompleks M, na fig. 6) stwierdzono wielkoskalowe rozmycia
rynnowe wypelnione drobnoziarnistymi piaskami mulowymi
(pl. VIIL, 1i 2). Réwniez w zespole St, Sp,(Kuznica, kompleks
K, — fig. 8) drobnoziarniste piaski mulowe wypelniaja struk-
tury rynnowe sredniej i wielkiej skali. Mechanizm powstawania
tych struktur-byt dwuetapowy. Pierwszy, erozyjny etap tworze-
nia duzych rozmy¢ musial zachodzic w warunkach intensyw-
nych przeplywow. Ich wypelnienie drobnoziarnistym osadem
faczylo si¢ natomiast z przeplywami diametralnie innymi, o pre-
dkosciach na tyle niskich, ze umozliwialy depozycje frakcji pyla-
sto-drobnopiaszczystych (najczesciej byla to depozycja z zawie-
siny).

EFEKTY DEPOZYCYJINE UZALEZNIONE OD KRETOSCI KORYTA

Korytowe arterie wod proglacjalnych charakteryzuja si¢

mala kretoscia. Przekatne struktury depozycyjne osadéw po-
wstalych w subsrodowisku korytowym cechuja si¢ tym, ze ukie-
runkowanie litofacji w zespole koncentruje si¢ w stosunkowo
waskim przedziale azymutalnym. Miara koncentracji danych kie-
runkowych — wielkos¢ wektora wypadkowego L (Curray 1956)
przyymuje dla aluwiow koryt roztokowych wzglednie wysoka
wartosc, powyzej przedzialu 50 —60%.
Dla korytowych zespoléw kompleksu M, w profilu Maczki
wielkos¢ wektora wypadkowego wynosi 65 < L < 76%. Nato-
miast w stanowisku Kuznica korytowe zespoly kompleksu K,
charakteryzuja si¢ wielkoscia wektora wypadkowego
66 <L < 74% (fig. 11).

Nalezy zaznaczyc¢, ze zespoly utworzone przez wskazniko-
we litofacje Sp charakteryzuja si¢ wigksza koncentracja danych
kierunkowych (wyzsze wartosci L) w stosunku do zespolow
zdominowanych przez litofacje St. Roznic tych upatrywac nale-
Zy w genezie obu typow zespolow korytowych. Odsypy poprze-
czne (litofacja Sp) tworza si¢ glownie w okresach wysokich
stanow wod, gdy wzglednie jednorodny przeptyw zachodzi ca-
lym korytem, po kierunku jego osi. Diuny trojwymiarowe (lito-
facje St) wystepuja w talwegu koryta, ktory (szczegolnie w sta-
nach wod srednich) moze wykazywac przebieg krety. Stad ukie-
runkowanie diun bylo bardziej chaotyczne, a kierunek ich mig-
racji czesto determinowany byl obecnoscia form wigkszej skali
— odsypow.
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SPECYFIKA OSADOW PROGLACJALNYCH
W SWIETLE ANALIZY PALEOHYDRAULICZNEJ

Analizy paleohydrauliczne maja szczegblne uzasadnienie
w przypadku tych profili, gdzie obok osadéw aluwialnych spo-
dziewamy si¢ obecnosci komplekséw proglacjalnych, powsta-
lych w warunkach dodatkowego, ablacyjnego zasilania koryta
Parametry hydrauliczne, roznicujace takie osady, to przecigtna
glebokos¢ i predkosé, moc jednostkowa oraz warto$é liczby
Froude’a (por. Dodatek).

Analiza paleohydrauliczna osadow profilu Maczki-Bér po-
zwolita poréwnac parametry przeplywoéw deponujacych zespoly
korytowe pro- i ekstraglacjalnych kompleksow M, i M, oraz
wyzejleglego kompleksu M, zwiazanego z przeplywami rzeki
nie zasilanej juz wodami ablacyjnymi. Przeplywy korytowe wia-
zane z doplywami wod topnieniowych charakteryzowaly si¢
przecigtnie 1,2-krotnie wigkszymi wartoéciami liczby Froude’a,
1,5-krotnie wigkszymi predkosciami, 2-krotnie wigkszymi gle-
bokosciami i 11-krotnie wigksza moca jednostkowa (por. tab. 3).

Analiza paleohydrauliczna pelni¢ moze réwniez rol¢ wery-
fikujaca w stosunku do hipotez srodowiskowych wysnutych
w wyniku tradycyjnej analizy sedymentologicznej.

W dolnej czgici kompleksu M, w Maczkach wydzielono
dwa, oboczne wzglgdem siebie zespoly: St, (Sp, SI) oraz Sp, Sh,
S1. Na podstawie cech litofacjalnych ustalono, ze oba zespoly
reprezentuja roztokowy system aluwialny: pierwszy zespél po-
wstal w subsrodowisku gléwnego, wigkszego koryta, gdy drugi —

w plytszym, drugorzednym korycie (tab. 2). Wniosek ten znalazt
potwierdzenie w wynikach analizy paleohydraulicznej. Depozy-
cja zespolu St, (Sp, SI) zwiazana byla z przeplywami blisko
3-krotnie glgbszymi i szybszymi, o 2-krotnie wigkszych napreze-
niach $cinajacych i 7-krotnie wigkszej mocy niz te, ktoére depo-
nowaly zesp6l Sp, Sh, SI (por. tab. 3).

Réwniez w stanowisku Kuznica, w kompleksie K,, wy-
dzielono dwa, oboczne wzgledem siebie zespoly korytowe: St,
Sh, SI, Gm (subsrodowisko plytkiego, szerokiego koryta) oraz
St (subsrodowisko glgbokiego koryta) (tab. 2). Ta hipoteza row-
niez zostala potwierdzona obliczeniami paleohydraulicznymi.
Zespot St powstal w korycie 2-krotnie glebszym, gdzie zaréwno
naprgzenia $cinajace, jak i moc jednostkowa byly 1,6-krotnie
wigksze w stosunku do przeplywéw w paleokorycie depozycyj-
nym zespolu St, Sh, SI, Gm (tab. 4).

Sprobowano takze oszacowac roznice energetyczne srodo-
wisk sedymentacyjnych mig¢dzy oboma stanowiskami. Osady
kompleksu K, Kuznicy byly deponowane w warunkach okolo
3-krotnie wigkszych naprezen scinajacych i 5-krotnie wigkszej
mocy strumienia w stosunku do komplekséw M, i M, z Ma-
czek. Roznice dynamiki paleoprzeplywoéw miedzy oboma stano-
wiskami znajduja wytlumaczenie w ich sytuacji paleogeograficz-
nej. Sedymentacja osadow Kuznicy zachodzila w odleglosci
okoto 7 km od maksymalnego zasi¢gu ladolodu zlodowacenia
Odry, podczas gdy ostonigcie Maczki-Bor oddalone jest okolo
30 km od strefy czolowej tego ladolodu (por. fig. 5).

UWAGI KONCOWE

Przytoczone powyzej rozwazania genetyczno-litofacjalne
pelié moga po czgéci rolg kryteriéw identyfikacyjnych kopal-
nych facji proglacjalnych. Zaznaczy¢ nalezy wyraznie, Ze s3 one
tylko czgscia warsztatu badawczego niezbednego do wysnucia
wlasciwych wnioskéw paleosrodowiskowych. Musza one bo-

wiem by¢ uzupelnione szczegblowymi analizami skladu petro-
graficznego aluwiow, gdyz jest to zasadniczy dowod na glacjal-
na dostawe ,.Swiezego” materialu klastycznego do dorzecza.
Analogiczna rol¢ spelnia analiza obtoczenia kwarcowej frakcji
piaszczystej.

DODATEK

PROCEDURA ANALIZY PALEOHYDRAULICZNEJ

Analiza paleohydrauliczna ma na celu ilodciowe okreslenie
cech dynamicznych osrodka wodnego (parametréw hydraulicz-
nych).

DANE WYJSCIOWE

Miazszos¢ litofacji o strukturach przekatnych ¢ [m].

Spadek koryta S [bezwymiarowy] — z terenowego pomiaru
geodezyjnego zalegania lawic plaskoréwnoleglych; wyliczony
z profili gesto zlokalizowanych wiercen; dla przypowierzchnio-
wych kompleksow aluwialnych utozsamiany ze spadkiem po-
wierzchni tarasowej.

Wspolczynnik oporu przeplywu Manninga » [bezwymiaro-
wy] — stosowany w analizie osadéw piaszczystych, przyjety
z tab. 5.

Ziarnowy wspdlczynnik oporu przeplywu Stricklera n,
[bezwymiarowy] — stosowany w analizie osadow zwirowych,
przyjety z tab. 5.

Wielkos$¢ ziarna osadu d [mm]. W analizie osadow zwiro-
wych stosowana jest miara MPS (ang. maximum particle size) —
przecigtna wielkos¢ 10 najwigkszych ziarn proby (pomiar po-
Sredniej osi b).

Ciezar wlasciwy wody y [N m ™3] — dla wod proglacjalnych
y = 9820 (Boothroyd, Ashley 1975).

DANE OBLICZANE

Wysokos¢ form dna (diun) i koryta (odsypbéw) A [m).

Glebokos¢ przeptywu D [m] — dla koryt roztokowych jest
rowna promieniowi hydraulicznemu R [m).

Predkos¢ przepltywu V [m s™1].

Liczba Froude’a Fr [bezwymiarowa] — okreslajaca ustréj
pradu.

Naprezenie $cinajace przeplywu na dno ¢ [N m~2).

Moc jednostkowa przeplywu @ [N (ms)'], tj. na jednostke
szerokodci koryta — okreslajaca poziom energetyczny strumie-
nia.

STOSOWANE WZORY

Tok obliczers paleohydraulicznych prowadzony jest dwie-
ma drogami: jedna dotyczy osadéw piaszczystych, druga — zwi-
rowych (fig. 12). Ponizej podano zastosowane wzory. Po nie-
ktorych wzorach wypisane s3 jednostki wybranych miar, doty-
czy to przypadkow, gdy jednostki w danym wzorze odbiegaja
od przytoczonych'w spisie danych wyjsciowych i obliczanych,
ktory zamieszczony jest powyzej.

n, = 0,038 d®1” d [m] (Strickler 1923), 40

hyjna =2 ¢ 20 (Simons, Richardson 1962), )

rozmycia rynnowe;
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hatun = 1,5 trozmycia rynnowego (Harms, Fahnestock 1965), A3

~2 hg,, (Carey, Keller 1957; Simons, Richardson
1962; Harms i Fahnestock 1965), “)

iabularnego (Frlend, MOOdY'stuaft 1972;
Klimek 1972; Eynon, Walker
1974), ®)

D=:

zestawu

LI0 (SDS125 fhpurs wbotaracge (A- K. Teisseyre
inf. ustna), (6)

V = n! RO:67 §95, ()

Fr=V(gD) %3, ®
w=1V, )
R=ySt}}!, (10)
7., = 0,0801 4, dla d> 5 mm (Lane 1953), 1
T, = 0,0774 d (Bogardi 1974), (12)
14,%% = d, /18,28 dla d > 10 mm (Carling 1983), (13)

dla wzoréw 11—13 7 (kG m~3}.
Graficzne przedstawienie formuly Shieldsa — patrz np. Church
i Gilbert (1975 — fig. 17b).
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PLATE 1 — PLANSZA

1. Maczki-Bor. Sandy alluvium (complex M,) passes gradationally upward into clayey deposits of
extraglacial valley lake (complex M,). Scale is 50 cm
Maczki-Bor. Gradacyjne przejscie od piaszczystych aluwiow kompleksu M, do ilastych osadow
dolinnego zastoiska ekstraglacjalnego (kompleks M ). Skala 50 cm

2. Kuznica Wargzyniska. Association Sh — complex K,. Horizontally laminated sand and silty sand —
sediment of alluvial fan deposited from upland to valley
Kuznica Warezyniska. Zespot Sh — kompleks K ,. Piaski i piaski mutowe laminowane poziomo —
osad stozka deluwialnego sedymentowanego 7 wyzyny do doliny rzecznej
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PLATE II - PLANSZA I

1. Maczki-Bor. The sands exhibit tabular cross-stratification and horizontal lamination in the base —

association Sp, (St, Sh, Sr) — complex M,. Horizontally stratified sands and gravels above —
association SGh — complex M,. Erosional contact (marked) identifies with the gap containing
uppermost part of complex M, and whole complex M,.
Maczki-Bor. W dole piaski o przekatnym warstwowaniu tabularnym i laminacji poziomej — zesp6t
Sp, (St, Sh, Sr) — kompleks M,. Wyzej piaski i zwiry warstwowane poziomo — zespdt SGh —
kompleks M,,. Zaznaczona powierzchnia erozyjna pokrywa si¢ z luka obejmujaca tu stropowa czgéé
kompleksu M, i caly kompleks M,

2. Maczki-Bor. Association Sp — complex M. Sandy coset of tabular cross stratification is an effect of
transverse bar accretion in braided channel. Scale is 50 cm
Maczki-Bor. Zesp6l Sp — kompleks M. Piaszczysty wielozestaw przekatnego warstwowania
tabularnego to efekt przyrostu odsypow poprzecznych w korycie roztokowym. Skala 50 cm
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PLATE — PLANSZA Il

1. Maczki-Bor. Association SFr — complex M,. Repetitiously interbedded sands and muds derived
from near-shore subenvironment of extraglacial valley lake
Maczki-Bér. Zesp6t SFr — kompleks M,. Naprzemianlegle tawice piaszczyste i ilaste powstaty
w przybrzeznym subsrodowisku dolinnego zbiornika ekstraglacjalnego

2. Kuznica War¢zynska. Association Sh, SI, Sp — complex K,. Sediments of proximal alluvial plain.
Horizontally laminated and tabular cross-stratified sands — the deposits of flood-stage overflow.
Silty-sand bed is an effect of suspension settlement in flood basin
Kuznica War¢zynska. Zesp6t Sh, SI, Sp — kompleks K,. Osady przykorytowej rowni zalewowej.
Piaski laminowane poziomo i przekatnie tabularnie to osad wéd wezbraniowych wystepujacych
z koryta. Wyzejlegla tawica mulowo-piaszczysta powstata w efekcie zawiesinowej depozycji ze
stagnujacych wod zalewowych.
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PLATEI — PLANSZAI

1. Kuznica Wargzynska. Two-part, sandy-gravelly complex K, in the base (sediments of alluvial fan
deposited in the marginal part of valley). The complex K , in the top — alluvium of meandering river
Kuznica Wargzynska.

W dole dwuczionowy, piaszczysto-zwirowy kompleks K, (osad bocznego stozka deluwialnego
akumulowanego z wyZzyny do obnizenia dolinnego). W gorze kompleks K, — piaszczyste osady
korytowe rzeki

2. Kuznica War¢zynska. Erosional contact of sandy complex K, (proglacial channel facies) and
gravelly complex K, (coarse-grained alluvium of high-energy river)

Kuznica War¢zyniska. Kontakt erozyjny piaszczystych osadow proglacjalnych (kompleks K, ) i zwi-
rowych aluwiéw wysokoenergetycznej rzeki (kompleks K,)
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PLATE V — PLANSZA

1. Kuznica Wargzynska. Association Fh, Sh — complex K ;. Overbank facies. Sandy intercalations
within silts orginated from short-lived flows in flood basin subenvironment
Kuznica War¢zyniska. Zespot Fh, Sh — kompleks K ;. Aluwia pozakorytowe. Warstwy piaszczyste,
wystepujace wsrod mulow, znacza krotkotrwale okresy pradowania w obrgbie zbiornika zalewowego
2. Kuznica Warg¢zynska. Complex K,. Contact of overbank silts (association Fh, Sh) and channel
sands (association Sr, Sp)
Kuznica Wargzynska. Kompleks K ;. Kontakt muléw pozakorytowych (zespot Fh, Sh) oraz pias-
kéw korytowych (zespot Sr, Sp)
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PLATE VI — PLANSZA 1

1. Kuznica Wargzynska. Association St, Sh, S/, Gm — complex K. Sheet bed is made up of massive
sandy gravels. Depositional effect of high-energy flood stage in proglacial braided channel
Kuznica Warezyniska. Zespot St, Sh, SI, Gm — Kompleks K ;. Zwirowo-piaszczysta lawica plasko-
rownolegla o strukturze masywnej — efekt wysokoenergetycznego wezbrania w roztokowym kory-
cie proglacjalnym

2. Maczki-Bor. Association St, (Sp, SI) — complex M,. Trough cross-stratified lithofacies of large
scale were formed is subenvironment of deep channel
Maczki-Bor. Zesp6t St, (Sp, SI) — kompleks M,. Przekatne zestawy rynnowe wielkiej skali po-
wstaly w subsrodowisku glebokiego koryta
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PLATE VII — PLANSZA 11

1. Maczki-Bor. Association St, (Sp, SI) — complex M,. Erosional troughs filled by silts (arrowed)
exist among cross-stratified sands. Scale is 30 cm
Maczki-Bor. Zespot St, (Sp, SI) — kompleks M,. Wsrdd piaszczystych osadéw warstwowanych
przekatnie wystepuja rynnowe rozmycia wypetnione mutami (strzatki). Skala 30 cm

2. Maczki-Bor. Association St, (Sp, SI) — complex M,. Channel sands are characterized by trough
cross-stratification of large scale. The arrows point out erosional troughs filled by silts and
fine-grained silty sands
Maczki-Bér. Zespét St, (Sp, SI) — kompleks M,. Piaszczyste osady korytowe wyksztalcone sa
w formie przekatnych warstwowan rynnowych wielkiej skali. Wérod nich, wskazane strzatkami,
struktury rynnowe wypelnione mutami i drobnoziarnistymi piaskami mutowymi
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