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Abstract

This paper deals with the methodology and inter-
pretation of pebble fabric measurements in ancient
and some Recent fluvial conglomerates and gravels.
The field data came mostly from the Intrasudetic
Basgin (Central Sudetes, SW Poland) where the fluvial
valley-floor conglomerates of the Lower Carboniferous
age were investigated in detail; some modern pebbly
streams were also inspected. Pebble fabric was studied
primarily in “frozen” channels and fossil bar features.
Systematically measured were only dip azimuths of
the AB planes of platy pebbles. Fabric measurements
were as a rule closely integrated with detailed sediment-
ological investigations into deposits enclosing and
surrounding the gravels studied. It is evident from the
field data that not uncommonly are directions sug-
gested by prominent maxima in fabric diagrams at
an angle to the real (paleo)flow, or even the two direc-
tions are 90° apart. Inclined pebbles may also occur that
are, in fact, not imbricated. Furthermore, in many two-
-or three-maximum diagrams the bisectrix of ananagle
between these maxima is significantly deviated from
the actual (paleo)flow.

There are at least eight possible fabric patterns
in the Kulm conglomerates in question. These are
found to depend on (and to reflect) both the channel
sinuosity and the position of a given gravel investigated
with respect to the channel axis and banks. In other
words the arrangement of pebbles in an alluvial chan-
nel is a bank-controlled phenomenon. This long recog-
nized, but apparently underestimated principle was used
by the author in order to recognize and reconstruct
in apparently “featureless” fluviatile gravels of original
channel, and bar features. Furthermore, in some in-
stances it provides reasonable criteria for distinguishing
between deposits of low- and high-sinuosity reaches,
too. The observations all point to the conclusion
that any interpretation of pebble fabric measurements
needs information about the original bar-and-channel
topography, channel symmetry, and the position of
a conglomerate investigated with respect to the original
channel- and bar features. The aim of this study is
also to demonstrate that fabric measurements not sup-
ported and not confirmed by another sedimentological
observations may lead to serious paleogeographic
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misinterpretations and should be eliminated from the
geologic practice. On the other hand, only such integra-
ted investigations may provide a new environmental
framework for more reasonable interpretations of
pebble fabric diagrams to be made. In other words
fabric diagrams should not be interpreted and classified
in terms of “diagram symmetry”, but they certainly
ought to be analysed in terms of symmetry of the orig-

INTRODUCTION AND

This paper is part of a detailed sedimento-
logical study carried out on the Sudetic Lower
Carboniferous, mostly within a large tectonic
unit of higher order known as the Intrasudetic
Basin or Trough. This is a complex synclinorial
feature trending appoximately north west—
—south east the longest axis of which exceeds
80 kilometers in length. The Lower ;Ca,rbon-
iferous Group, or shortly the Kulm, comprises
the lowermost sedimentary group known from
the trough. The Kulm sediments are faulted
against the Caledonian and Precambrian struc-
tures surrounding (and underlying) it (Zim-
mermann 1938; Teisseyre 1966; 1973; fig. 1).
There is growing evidence that at least two
of the marginal fault zones recognized certainly
exerted a decesive influence on the Dinantian
sedimentation in the trough®.

The Kulm deposits discussed here crop out on
the northern and western limbs of the Intra-
sudetic Trough dipping rather gently to the
south and south-east. Being neither metamor-
phosed nor folded (except for two rather restric-
ted areas in which the Kulm is evidently fold-
ed), the deposits offer a good opportunity to
make a detailed study on sedimentology of
pebbly alluvial streams in general and their
fabric in particular. Another feature not com-
monly reported from relatively small intramon-
tane basins is a gradual transition from the ex-
tremely marginal coarse rubble accompanying
the old fault zones, through conglomerate and

! It should be mentioned here that the Lower
Carboniferous basin can by no means be identified
with the Intrasudetic Trough. The tectonic unit
seems to be much younger in origin and comprises in
its northern limb only part of an ancient Bretonian
basin the original extent of which as well as connections
with other contemporaneous basins are not yet fully
recognized.

inal depositional milieu including both channel-and-
-bar topography and flow pattern.

Finally, there is growing evidence that gravels
originated under quite different environmental condi-
tions may display identical fabric patterns. There-
fore in the light of our present knowledge, diagram
patterns alone do not provide reasonable (nor suffi-
cient) criteria for any environmental interpretation
of gravels they are found in.

GEOLOGIC SETTING

sandstone representing old fan deposits, to
much sandier, but still pebbly valley-floor
alluvia. The latter in turn give way to marine
facies and all the facial changes can be traced
horizontally (in the north-easterly directed
section all along the strike of strata) as well
as in the vertical (in a direction away from the
marginal faults in the ascending stratigraphic
order). These facies are found to follow one
another in a logical manner. The coarsest
breccia and sharpstone conglomerate adjoin
and parallel the ancient mountain fronts (fig. 1)
and sequences comprised of fine conglomerate
interstratified with sandstone and siltstone
occupy the axial portion of the Kulm basin.
The former association (breccia-sharpstone con-
glomerate-diamicton) is thought to represent
an old alluvial fan deposit. In some profiles,
however, there is evidence to show a progres-
sive lateral and downfan transition from margin-
al tectonic fault breccia and accompanying
fan-apex rubble, through midfan gravel and
sand, to a fanbase association of conglomerate,
sandstone, and siltstone (Teisseyre 1968; 1971;
1973; 1975). In still another profiles the fan
deposits intertongue with fine pebble conglome-
rate, sandstone, and siltstone which show evi-
dence of having resulted from a normal flu-
viatile deposition. These were laid down, it is
surmised, by a perennial river draining the
basin and flowing into the sea in the area of
Marciszé6w and Walbrzych. The deposits display
features indicative of each braided- and mean-
dering stream alluvia.

To summarize, it is possible to distinguish in
the Intrasudetic Lower Carboniferous at least two
terrestrial assemblages. Of these one, termed here
the alluvial fan association, corresponds to an
apron of ancient alluvial fans, which surrounded
the Kulm sedimentary basin from the north and
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west. The other is spoken of as the draining draining river system. Both the associations
river association? and corresponds to ancient reveal clearly defined proximal-distal relation-
valley-floor deposits attributable to the Kulm ships. In the alluvial fan association these

ot g ot et

UL

Fig. 1
Showing outcrop belt of the Lower Carboniferous sedimentary rocks in the north-western Intrasudetic Basin

(sketch modified from the H. Teisseyre’s geological map of the Sudetes, much generalized)

1 — metamorphic and sedimentary rocks older than Lower Carboniferous (together with the Karkonosze Granite); 2 — Sady Gérne, Fig-

16w, and Ciechanowice Formations (? Upper Tournaisian): breccia and sharpstone conglomerate (black triangles) and conglomerate (heavy

dots), alluvial fan association; 3 — Bogaczowice Formation (? Lower Visean): conglomerate and sandstone, mostly alluvial fan association;

4 — Lubomin- and Szczawno Formations (Middle and Upper Visean, terrestrial in the area south-west of Kamienna Géra and partly marine

eastwards of Kamienna Géra). Terrestrial conglomerate, sandstone, and siltstone represent mainly the draining river association. Rocks

younger than Lower Carboniferous not shown. Heavy solid lines indicate faults and overthrusts, lighter-weight lines — sedimentary and
intrusive contacts

Wystepowanie skal dolnego karbonu w pélnocno-zachodniej czedci niecki srédsudeckiej (szkic na podstawie mapy

geologicznej Sudetéw, opracowanej przez H. Teisseyre’a, znacznie uproszczony)

1 — skaly metamorficzne i osadowe, starsze od dolnego karbonu (razem z granitem Karkonoszy); 2 — Kulm z Sadéw Gérnych, Figlowa i Cie-

chanowic ( ? g6rny turnej): brekeje i stabo obtoczone zlepietice (tréjkaty) oraz zlepierice (pelne koétka), zesp6l stozkéw naptywowych; 3 — kulm

z Bogaczowic (? dolny wizen): zlepiefice i piaskowce, gléwnie zespolu stozkéw naplywowych; 4 — kulm z Lubomina i ze Szczawna (§rodkowy

i gérny wizen, ladowy w obszarze na SW od Kamiennej Géry i czesciowo morski w obszarze Kamienna Géra — Walbrzych). Ladowe zlepietice

piaskowce i mulowce reprezentuja gléwnie zespél rzeki drenujacej basen. Skaly mlodsze od dolnego karbonu pominigto. Grube linie ozna-
czajg uskoki i nasuniecia, cienkie linie — granice sedymentacyjne i intruzywne

® In this paper it is convenient to call the associa- can be studied in profiles perpendicular to the
tions in terms of environment rather than lithologically ancient mountain front in a direction away
a8 no lithology (with the exception of some rare litho- from the marginal faults. On the contrary,
logies as tonstein for instance) is restricted in occurrence in the draining riv iation th lationshi
to one association alone. In the process of fieldwork g er a's.soc il 9’1 ere?’ ons 1.ps
sedimentary facies have been distinguished in terms aTe best seen in the axial profile. In this associa-
of grain size, sorting, and structure (Teisseyre 1975). tion, the most proximal deposits were always

2 — Geologia Sudetica
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encountered at the southern end of the basin.
The most distal ones, on the other hand,were
found to oscillate in the area of Marciszow —
—Walbrzych (northern Intrasudetic Basin) as
a result of marine ingressions to the area
during Middle (%) and Upper Visean times.

Most likely the draining river was a peren-
nial one. As far as it can be demonstrated, the
river had characters partaking both of the
braided and meandering rivers and generally
can be classified as a braided river with some
internal meandering. The proportion of braided-
to meandering reaches varied progressively
downbasin as well as in time. During Upper
Visean time the river draining the western
Intrasudetic Basin changed in character from
a proximal bed-load stream with an internal
meandering to a more distal mixed load-like
stream that was meandering in some time and
braided with an internal meandering in the other.
These changes took place over a distance of
at least 30 —40 kilometers. The proximal
bed-load deposits dominated in the southern
end of the basin and the mixed-load sediments
increased in abundance northward toward the
Upper Visean shoreline.

It was found in the field that pebble dip
measurements in fine conglomerates of the
draining river association show an unexpectedly
high dispersion as compared with channel axis
trends — something not encountered in bouldery
pebble-cobble conglomerates of the alluvial fan
association. However, it soon became obvious
that the dispersion in pebble dip directions
is at least in part attributable to the bank-
-effect in ancient alluvial channels. The control

exerted by stream banks on the arrangement
of pebbles in pebbly alluvial channels was long
recognized. However, some field observations
by the present writer suggest that the idea
can be profitably extended and explored in
studying paleocurrents. The main concepts
presented below were checked with good
results during the 1973’s summer season and
this prompted the author to publish some of
the results obtained. These were approached
in two ways: 1) detailed investigation of selected
outerops in the Sudetic Lower Carboniferous
with a special attention payed to “frozen”
channels and bar features, and 2) comparison
of the Kulm sediments and structures observed
in it with modern ones known from both the
data just published and personal inspection
on streams carrying a similar bedload i.e.,
pebbly rivers. On the other hand, to review
and summarize the extensive literature covering
the subject is out of the scope of this paper.
Thus for a more complete bibliography the
reader is referred to textbooks and special
publications in sedimentology and sedimentary
petrology like those published by Schlee (1957),
Potter and Pettijohn (1963), Johansson (1963),
and Sedimentary Petrology Seminar (1965)
and others. In Polish excellent reviews were
recently published by Dzulynski (1963) and
Gradzinski (1973), while pebble fabric in some
Recent rivers was studied by Unrug (1957) and
Dziedzic (1964). Some new treminological propos-
als were recently published by Gizejewski(1973).

I am indebted to Professor S. Dzulynski
and Dr. K. Klimek for helpful discussions
during the preparation of the text.

FIELD EVIDENCE, METHODS, AND TERMINOLOGY

The observations and measurements present-
ed below were gathered in selected outcrops
in the Sudetic Lower Carboniferous, while
Recent sediments and their structures were
studied on the Bébr River and the Strzegomka
River and their tributaries. All reaches inspected
were pebbly. In the Lower Carboniferous
conglomerates, detailed investigations were es-
sentially limited to those clearly attributable
to the draining river association.

It appears reasonable that a study like
this requires some new definitions as the major-
ity of data come from vertical, or very steep

two-dimensional cuttings, bluffs, and quarry
walls. Consequently a straight, or low sinuosity
channel is here defined as having more or less
symmetrical cross-section and sediment filling
that is roughly homogeneous in both grain-size
and structure. The former condition alone i.e.,
the symmetry of channel section is, however,
not a distinctive one (comp. McGowen, Garner
1970). A high-sinuosity, or meandering channel,
on the other hand, distinguishes itself by asym-
metrical cross-sections and a channel-fill sedi-
ment that is differentiated into two easily
recognizable “phases” including a crossbedded
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point-bar deposit and imbricated (or rarely
chaotic) pool gravel. In the case of meandering
channels it is still uncertain whether the asym-
metry of their cross-sections is a distinctive
feature or not. However, none of the channels
having their filling differentiated into point-bar
deposit and pool gravel was found to show its
cross-section symmetrical.

All the measurements presented below are
tilt-corrected provided that the tectonic dip
was 20° or more. The upper hemisphere projec-
tion was used in all the diagrams. Each diagram
is based on 50 measurements of dip direction
of the AB planes of platy pebbles including
disklike and ellipsoidal ones. The arrangement
of rod-shaped pebbles was not investigated
systematically. The terminology for pebbly
streams is adapted mostly from Williams
and Rust (1969), McGowen and Garner (1970),
Bluck (1971), and Rust (1972).

Another specific terms used in this paper are
the following:

— Normal upecurrent imbrication (or shortly
imbrication) is used to designate imbricated
pebbles that dip directly into the orienting
current;

— Oblique upcurrent imbrication is used for
imbricated pebbles that dip upcurrent, but at an
angle (commonly of 20 —70° in plan) to both

GRAVEL FABRIC IN

The Bo6br River is one of the largest left-
-bank tributaries of the Odra River. In its
upper course, the Bébr is a bed-load pebbly
river and in flood it carries pebble-to-cobble
gravel, sand, silt, and clay. It is essentially
a meandering river, but throughout the area
studied has internal braided reaches. In the
Intrasudetic Trough, the B6br drains an area
of some 300 square kilometers, which is for
the most part underlain by the Lower Carbon-
iferous sedimentary rocks. The river is similar
in channel width and bed-load characteristics to
some of the Carboniferous rivers that are
thought to have been responsible for the depos-
ition of the Kulm valley-floor alluvia. However,
the discharge of the Bdbr is mostly a man-
-controlled feature and an overbank flooding
happens only exceptionally thanks to a good
flood control. The river was observed by the
author during both low- and high-water stages

channel bank and mean current. Such an im-
brication is typical of gravels deposited near
stream banks and reflects what is known as
the bank-effect i.e., the effect exerted by the
stream banks on the arrangement of pebbles.
Generally in straight reaches, the maximum
projection planes of platy pebbles are turned
clockwise near the right banks and counterclock-
wise mnear the left banks as compared to
those resting in a more central portion of a chan-
nel where they tend to dip directly into the
orienting current;

— Pseudoimbrication (ecomp. Dzulynski 1963;
fig. 9B) refers to platy pebbles that lie on and
parallel foresets in cross-stratified gravels and
gravelly sands. If the cross-bedding is not
easily recognizable the structure is somewhat
puzziling and may be mistaken for imbrication
even by the experienced geologist;

— If a channel axis as well as paleocurrent
direction and sense can be determined the
terms “right bank” and “left bank” are
applied in agreement with a common meaning of
the designations. The terms “contact imbrica-
tion” and “isolated imbrication” are used fol-
lowing Laming (1955) and “pebble clusters”
after Dal Cin (1968). The term “openwork
gravel” is used in the sense of Davis (1892).

THE BOBR RIVER

and one of the several reaches studied in detail
ig illustrated in figure 2. The reach is situated
immediately north of the village of Debrznik
and involves portion of a meander loop of the
Bébr as well as the lowermost portion of the
Lesk Creek — a large right-bank tributary
of the upper Bobr. Sedimentological investi-
gations were made on the Lesk Creek Mouth
Bar during high- and low-water stages and
fabric measurements were performed immedi-
ately after peak discharges subsided.

In its incipient form, the Lesk Creek Mouth
Bar originated owing to the heavy flood on
late August, 1971 (fig. 3). Then it continued
to grow in a consequence of the summer flood,
August 1972, when it attained an outline and
position illustrated in figure 2. The 1972’
flood resulted in destruction of the upper
portion of the previously formed bar and a con-
siderable mass of gravel was washed down the
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Bébr to form the flame-like mouth bar seen
in figure 2. The process could not have been
observed in detail because of a highly turbu-
lent and turbid character of the peak discharge
(the flow was supercritical with standing waves
and zones of breaking antidunes). During the
peak discharge, the mean water level was
some 30 cm above the bar. The discharge
was competent to transport large cobbles and
bricks and some granite border stones (20 x20
x50 em) were encountered on the bar surface,
too. On the Lesk Creek, the high-stage flow
carried also large fragments of turf together

with an wunderlying root-penetrated portion
of loamy soil. Of these one formed an island
(up to b meters in diameter) in the midchannel
portion of the Bébr (fig. 2).

On all the bars and within all the channels
with the exception of the B6br main channel
observations were made on pebble fabric
(pl. I), packing, and pebble size. Attention was
always payed to the within-channel varia-
tion in pebble dip directions and to the bank
effects on the arrangement of platy pebbles.
Measurements of pebble dip directions from
the lower portion of the Lest Creek Mouth

Fig. 2
Showing the Lesk Creek Mouth Bar at the confluence of the Lesk and the B6br River, some 4 km north-east
of Kamienna Géra (sketch a)
Heavily hachured are pools and deep portions of channels, stippled are low-stage channels and emerged bars are unpatterned. Large arrows
mark high-stage currents and lighter-weight arrows correspond to low-stage currents. Slip faces of gravelly embankments produced by low-
-stage discharge shown by black notched pattern. Note that these secondary embankments grow at right angles into the active channels.
The top surface of the bar is floored by imbricated, openwork pebble-supperted gravel. Common are pebble clusters. Fine materials compri-
sing sand and granule gravel are limited to scattered harrow marks and more numerous, but smaller, sandy shadows. Coarse gravel within
the dotted channels is infilled with sand and granule gravel.

1—7 — pebble fabric diagrams showing the arrangement of platy pebbles. Sample locations are given in sketch b: I — upper portion
of the bar, above the crest, surface of accumulation (S. 4.) = 225/5°, mean high-stage current (M. C.) — 345°, modal imbrication (M. I.)
= 342°. Maximum A-axis of gravel = 22 cm. Gravel strongly imbricated, openwork, pebble-supported, many pebble clusters. Concentration
lines: 0 —4 -8 —12 —16 — (18) per cent; 2 — upper portion of the bar, surface of accumulation (S. 4.) = 185/5°, mean current (M. C.) = 5°,
modal imbrication (3. I.) = 357°, Maximum A-axis of gravel = 25 cm. Concentration: 0 —2.5—5—10—15 —(20) per cent; 3 — showing
the oblique upcurrent imbrication, surface of accumulation (S. 4.) = slip face dipping into the BOobr at an angle of about 30° = 270/28°,
mean current (M. C.) = 355°, modal imbrication (#. I.) = 245/22°. Maximum A-axis of gravel = 10 cm. Openwork, pebble-supported
gravel, Here, below the low-water line, a small cross-stratified sandy wedge formed, mainly from sand and granule gravel winnowed from
the bar gravel itself. Concentration: 0 —4 —8 —12 — 16 —20 —(22) per cent; 4 -- upper portion of the bar, surface of accumulation (S. 4.)
= 95/5°, mean current (M. C.) = 335°, modal imbrication (M. I.) = 343°. Maximum A-axis of gravel = 15 cm. Concentration: 0 —2.5 —5 —
—10—-15-20—25—(26) per cent; 5§ — lower portion of the bar, surface of accumulation (S. 4.) = 70/12°, mean current (M, C.) — 335°,
modal imbrication (M. I.) — 115/20° indicates that the majority of platy pebbles are imbricated obliquely upcurrent. Maximum A-axis
of gravel = 15 cm. Openwork, pebble-supportcd gravel, Concentration: 0 —4 —8 —12 — 16 —20 — 24 —(26) per cent; 6 — lower portion of
the bar, surface of accumulation (S. 4.) = slip face dipping into the B6br at an angle of 30° = 270/30°, mean current (M. C.) = 345°, modal
imbrication (M, I.) = 265/25° indicates that the modal class of platy pebbles parallel the slip face, while pebbles dipping obliquely into the
current give a secondary maximum of 240/30°. Maximum A-axis of gravel = 9 em. Concentration: 0 —5 —10 —15—20 —25—30 —35 —(40) per
cent; 7 — upper portion of the chute, mean current (M. C.) = 330°, chief maximum (M) corresponds to the normal upcurrent imbrication in
the central portion of the chute and two secondary maxima (R and L) correspond to the oblique upcurrent imbrication on the right- and left
gide of the chute, respectively. Gravel originally opeuwork, but infilled when investigated. Concentration: 0 —2 —4 —6 —8 —(10) per cent

Lacha zwirowa u ujScia Lesku do Bobru, okolo 4 km na péinocny wschéd od Kamiennej Goéry (szkic a)
Przeglebienia koryt sa gesto zakreskowane, koryta zwiazane z niskim stanem wody sg zakropkowane, za§ wynurzone lachy sq nieszrafowane.
Duze strzalki oznaczajs prady dzialajace podczas wysokiego stanu woéd, cienkie strzalki — prady niskiego przeplywu. Powierzchnie czolowe
nasypow Zwirowych zwiazanych z przeplywami niskiego stanu sa zgbkowanc. Nasypy te rosng pod duzymi katami do osi aktywnych koryt.
Powierzchnia {achy jest wyscielona zimbrykowanym, nie wypelnionym Zwirem. Pospolite sg skupienia zimbrykowanych otoczakéw (pebble
clusters). Drobny material obejmujacy piasek i drobny zwirek wystepuje w formie rzadko rozrzuconych grzbietéw pradowych (harrow
marks) i liczniejszych, lecz mniejszych zasp tylnych., W zakropkowanych korytach zwir jest wypelniony.

1—-7 — diagramy orientacji otoczakéw ukazujace ulozenie otoczakéw plaskich. Lokalizacja miejsc wykonania pomiaréw podana na
szkicu b: 1 — goérna partia lachy, powyzej grzbietu, powierzchnia akumulacji (S, 4.) — 225/5°, éredni kierunek prgdu osadzajacego Zwir
(M. C.) = 345°, modalna imbrykacja (M. I.) = 342°, maksymalna dlugos6 osi A otoczakéw = 22 cm. Zwir zimbrykowany, przemyty,
liczne skupienia zimbrykowanych otoczak6éw. Linie koncentracji: 0 —4 —8 —12 —16 —(18)%; 2 — go6rna partia lachy, powierzchnia akumu-
lacji (S. 4.) = 185/5° ¢redni kierunek pradu (M. ¢.) = 5°, modalna imbrykacja (M. 1.) = 357°, maksymalna dlugo&é osi A otocza-
kow = 25 cm. Konocentracja: 0—2,56-5—10—15—(20)%; 3 — przyklad skosnej, podpradowej imbrykacji, powierzchnia akumulacji
(S. 4.) = §ciana czolowa lachy opadajaca ku Bobrowi pod katem okolo 30° — 270/28°, sredni kierunek pradu (M. C.) = 355°, modalna
imbrykacja (M. J.) = 245/22°, najwieksza dlugosé osi A otoczakéw = 10 cm. Upakowanie zwiru ciasne, przemycie dobre. Koncentracja:
0—4—-8—12—-16 -20—(22)%; 4 — gorna partia lachy, powierzchnia akumulacji (S. 4.) = 95/5°, éredni kierunek pradu (M. C.) = 335°,
modalna imbrykacja (M. I.) = 343°, najwieksza dlugost osi A otoczakéw = 15 cm. Koncentracja: 0 —2,5—5—10—15—20—25 —(26)%;
5 — dolna partia lachy, powierzchnia akumulacji (S. 4.) = 70/12°, Sredni kierunek pradu (M. C.) — 335°, modalna imbrykacja (M. I.) =
= 115/20° odpowiada otoczakom plaskim zimbrykowanym skoénie podpradowo, najwieksza dlugost osi A otoczakéw = 15 cm. Zwir nie
wypelniony, ciasno upakowany. Koncentracja: 0—4 —8 —12—16 —20 —24 —(26)%: 6 — dolna partia lachy, powierzchnia akumulacji
(S. 4.) = Sciana czolowa lachy opadajaca ku Bobrowi pod katem 30° = 270/30°, éredni kierunek pradu (M. C.) = 345°, modalna imbrykacja
(M. 1.) = 265/25° odpowiada otoczakom plaskim ukladajacym sie zgodnie z powierzchnig Sciany czolowej. Drugorzedne maksimum w po-
blizu 240/30° odpowiada otoczakom zimbrykowanym skofnie podpradowo. Najwieksza dlugosé osi A otoczakéw = 9 cm. Koncentracja:
0—-5—-10—-15—20—25—30—35—(40)%; 7 — goérna cze$¢ koryta typu ,,chute”, éredni kierunek pradu (M. C.) = 330°, gléwne maksimum
(31) odpowiada normalnej, podpradowej imbrykacji w §rodkowej partii koryta, dwa podrzedne maksima (R i L) odpowiadajg skoSnej, pod-
pradowej imbrykacji przy prawym i lewym brzegu koryta. Zwir pierwotnie byl dobrze przemyty, lecz w czasie wykonywania pomiarow

byl juz wypelniony. Koncentracja: 0 —2—-4-6—-8 —(10)%
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Bar are illustrated in figure 2. On the flat,
paved top surface of the bar, pebbles are
strongly imbricated and dip essentially into
the current (fig. 2, diagrams 1, 2, 4). On the
bar slopes — that are in fact emerged portions
of the adjacent channels — pebbles are imbri-

Fig. 3
Showing lower portion of the Lesk Creek Mouth Bar
after the summer flood in mid-August, 1971. The bar
top is flat and slopes somewhat gentler than the adja-
cent channel entrenched into it. Top surface of the bar
is paved and pebbles are strongly imbricated. A mini-
mum height of the bar top above the bottom of the
B6br is about 1.4 m and the mean water level during
the peak discharge was at least 1 m above the bar top.
The bar front is slightly concave in plan. Platy pebbles
flooring this surface are imbricated obliquely upcur-
rent with respect to the flow in the Bébr (which is
toward the observer). With the exception of the imbri-
cated topset gravel, the bar is crossbedded and foresets
dip to 275/30 —35°. The bedding depends on the alterna-
tion of sand-rich and gravel-dominated layers several
centimeters thick. The bar resembles to some degree
so-called chute bars described by McGowen and Garner
(1970). Situated at the confluence of the Lesk Creek
and the Bébr River, some 4 km north-east of Kamienna
Goéra. Hammer handle is 57 cm in length

Lacha zwirowa usypana u ujécia Lesku do Bobru, stan
po powodzi w sierpniu 1971. Gérna powierzchnia lachy
odznacza sig nieco mniejszym spadkiem niz sasiadujace
z nig koryto. Gérna powierzchnia lachy jest plaska,
wybrukowana, otoczaki plaskie sa zimbrykowane.
Minimalna wysoko§é gérnej powierzchni lachy ponad
dnem Bobru wynosi okolo 1,4 m, a poziom wody
w momencie szczytowej fali powodziowej byl prawie
1 m ponad powierzchni¢ lachy. Powierzchnia czolowa
lachy zapada w kierunku 275/30 —35° i jest wyscielona
otoczakami skoénie podpradowo zimbrykowanymi w sto-
sunku do pradu w Bobrze, ktéry plynie ku obserwa-
torowi. Wewnetrzna czesé lachy jest skoénie warstwo-
wana, co jest podkreélone naprzemianlegloécia bardziej
piaszczystych i bardziej Zwirowych warstw o grubosci
do paru centymetréw. Lacha ta przypomina pod pewny-
mi wzgledami tak zwane odsypy typu ,chute” opisane
przez McGowena i Garnera (1970)

cated obliquely upcurrent (diagrams 3 and &
in fig. 2), or parallel channel slopes (diagram 6
in fig. 2). All the observations point to the
following conclusions:

1. On flat bar surfaces, pebbles are strongly
imbricated and generally dip directly into the
orienting current, which sometimes is parallel
to the bar axis, but not uncommonly crosses
it at an angle.

2. Pebble clusters are best developed on
flat top bar surfaces. Here they are originally
pebble-supported and not uncomonly become
infilled with fine sediments owing to a successive
depositional episode (comp. Dal Cin 1967;
1968).

3. The angle of dip of the AB planes of
platy pebbles seems to be positively correlated
with both pebble size and current velocity.
In the reach investigated, it varied from 10 —
—30° on slip faces and channel banks where the
low-stage flow was tranquil, to 60—80° on
a rounded bar-lip of the Lesk Creek Bar where
the flow was in the antidune phase.

4. In channels, the dip directions of the AB
planes of platy pebbels change consequently
from an axial portion of a channel towards
its banks. In the central zone, the majority
of platy pebbels dip directly into the orienting
current, which in turn may not parallel the
channel course. Near the channel banks, platy
pebbles dip obliquely upcurrent at angles of
20 —80° anticlockwise from the mean current
near the left bank and at similar angles clock-
wise of the mean current near the right bank3.
In other words in relatively straight reaches
of pebbly alluvial channels, platy pebbles
are arranged in this way that arrows represen-
ting their dip directions tend to focus in
a point lying upstream from a section investi-
gated providet that the section is roughly
perpendicular to the channel trend. It also
seems that at least on some gravelly bars
(or strictly speaking mid-channel bars) the
reverse is true (comp. e.g., Collinson 1971).

3 In the channel of Lesk, for instance, the mean
current was exactly to the west and in the central
portion of the channel platy pebbles dipped to the
east at angles of 30—50°. At the right bank dips of
110 —170/20—35° were noted and at the opposite
bank — 20—80°/15—40°. Here the mean current was
parallel to the channel banks.
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FABRIC IN LOW-SINUOSITY CARBONIFEROUS CHANNELS

Pebble fabric in the Lower Carboniferous
deposits, which show evidence of having resulted
from the aggradation in low-sinuosity braided
streams, are illustrated in figures 4 —9. The
majority of deposits shown in these drawings
are attributable to the draining river associa-
tion; however, some intervening fanbase sedi-
ments are possibly also represented among
them.

Figure 4 shows portion of a conglomerate
bed revealing a characteristic lateral transition

Fig. 4
Showing tightly packed conglomerate (I) that passes
laterally into trough ecross-stratified, coarse gravelly
sandstone (2). See text for full explanation. Szczawno
Formation (Upper Visean, Blazkowa village). Outerop
no. 1722K, 930 m south-west from the railroad station

Fragment lawicy ciasno upakowanego zwiru (I) prze-

chodzacego bocznie w zlepiencowaty, gruboziarnisty

piagkowiec (2). Kulm ze Szczawna (wizen goérny),

Blazkowa, odslonigcie 1722K, 930 m na SW od stacji
kolejowej

from subhorizontally bedded gravel (I) to
trough cross-stratified, coarse gravelly sandstone
(2). Generally the conglomerate is tightly
packed. However, closer examination displays
subparallel streaks of imbricated framework
gravel interstratified with more sandier ones.
Pebble clusters and isolated imbrication in-
dicate a paloeocurrent direction of 100° (i.e.,
away from the observer). The axis of the trough
structure trends nearly west-east and the chan-
nel-fill cross-strata also suggest an easterly
paleoflow (paleocurrent directions in the whole
outcrop range in a sector of 30—130°). The

top surface of the bed in question is sharp,
relatively flat, and erosional. The section is
interpreted as portion of an ancient braid
bar-and-channel topography.

Illustrated in figure 5 are selected sections
through some low-sinuosity channels and their
deposits. A thin layer of coarse, conglomeratic
sandstone in figure 5a changes characteristically
in structure from trough cross-stratification on
the left to indistinct horizontal bedding on
the right. Also to the right the sediment be-
comes more and more pebbly. The channel
axis is directed roughly west-east and the
imbrication seen just outside the channel
displays a paleocurrent of 80° (in the channel
platy pebbles parallel the cross-strata and
outside the channel they dip towards the viewer).
This thin, but relatively widespread layer
of conglomeratic sandstone is attributable to
a single depositional episode and is thought
to be typical of braided reaches of the Kulm
draining river. Accumulations of this kind
are believed to preserve to some degree
the pre-flood topography. Moreover, being
thicker above depressions and thinner over
elevated areas, they certainly resulted in smooth-
ing of relief in some more or less widespiead
areas.

Included in figure 5b are both conglomeratic
channel-fill sediments (I, 2) as well as tightly
packed bar gravels (3; also shown in the drawing
are dip directions of platy pebbles). 1 is sandy
granule-pebble conglomerate. It contains sev-
eral streaks of tightly packed imbricated
pebble gravel best seen on the right side of
the channel. These within-bed pavements in-
dicate variable paleocurrent directions ranging
in a sector of 90 —250°. They suggest, however,
a general southerly paleoflow for the whole
bed. Bed 2 is made up of similar poorly sorted
gravel. This is underlain by a concave-up
paved surface the platy pebbles of which dis-
play a similar southerly paleoflow. On the
other hand, an imbricated pebble pavement at
the top of bed 2 as well as a thoroughly imbri-
cated gravel of bed 3 indicate an opposite paleo-
current to the east-east-north. The poorly
sorted gravels of beds I and 2 are interpreted
as channel-fill sediments laid down by heavily
laden currents that were running to the south.
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At least several episodes of a low-stage discharge
had also to take place and are recorded
by the within-bed pavements. The tightly
packed conglomerate of bed 3 is thought to be
portion of a bar (braid bar) that was supposedly

containing several pebbles (2). The channel is
eroded in sandy pebble conglomerate (I) and
similar gravel (3) is visible above the channel-
fill sediments. Originally the channel was at
least 10 m wide and its cross-section was slightly

—

Fig. 6
Pebble arrangement in a small pebble-floored channel.
See text for full explanation. Szczawno Formation,
outerop no. 1705K, 500 m east of the church in Stara
Biatka

Ulozenie otoczakéw w zlepieficu drobnoziarnistym

wypelniajacym niewielkie koryto. Objasnienia w tekécie.

Kulm ze Szczawna, odstoniecie 1706K, 500 m na E od
kodciola w Starej Bialce

directed south west —north east. This bar orig-
inated owing to a heavy flood, or ever a num-
ber of successive floods.

A channel feature illustrated in figure 5¢
is filled up by sandy granule conglomerate

agymmetrical. In the mid-channel portion of
the feature, gravel is more or less homogene-
ous and featureless (except for pavements),
but towards the western, or left bank it passes
imperceptibly to trough cross-stratified con-

Fig. 5
Low-sinuosity channels and their deposits. See text for full explanation
a — Lubomin Formation (Middle Visean), outcrop no. 1476R, 730 m south-west of hill 660.0 m, south of Marciszéw; b — Szczawno Forma-
tion, outerop no. 1740K, 200 m north-west of Zadzierna Mt., north of Bukéwka; ¢ — location same as above; d — Szczawno Formation,

outerop no. 1740K, 250 m south-west of Zadzierna Mt., north of Bukéwka; ¢ — Lubomin Formation, outcrop no. 968, 650 m east of hill
577.3 m, south of Bogaczowice

Koryta o malej kretodci i ich osady. Objasnienia w tekécie
a — kulm z Lubomina (wizen $rodkowy), odsloniecie 1476R, 730 m na SW od wzgoérza 660,0 m, na poludnie od Marciszowa; b — kulm ze
Szczawna, odslonigeie 1740K, 200 m na NW od Zadziernej, na poludnie od Bukéwki; ¢ — lokalizacja jak wyzej; d — kulm ze Szczawna,
odsloni¢eie 1740K, 250 m na SW od Zadziernej, na péinoc od Bukéwki; e — kulm z Lubomina, odsloniecie 968, 650 m na E od wzgoérza
577,3 m, na poludnioc od Bogaczowic

~— Geologia Sudetica
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glomeratic sandstone. The channel is directed
south west —north east and detrital material
was transported to the north-east (i.e., away
from the observer). Shallow channels seen
at the bed top are infilled with well sor-
ted, medium-to-coarse grained trough -cross-
stratified sandstone. The gravel of bed 3 is
strongly imbricated with the resultant paleo-
current direction of 70°. The sandy gravel of bed
2 is thought to have accumulated as a result of
several floods each being followed by a more
or less long-lasting period of low discharge.
These are recorded by within-bed pavements
in the gravel in question and possibly also by
thin layers of fine rippled sand in the trough
cross-stratified sandstone. Most likely the ho-
mogeneous gravel was deposited by heavily
laden supercritical flow that in shallow margin-
al portions of the channel gave way to the
sedimentation from migrating dunes (lower
flow regime).

Figure 5d shows a steep right bank of
a low-sinuosity channel. Here the channel
axis trends approximately east—west. 1 is
sandy granule-pebble conglomerate and 2 cor-
responds to pebble conglomerate (in the central
portion of the channel). Bankwards, the conglo-
merate passes impenceptibly into gravelly sand-
stone. The channel floor is paved and near the
steep bank platy pebbles dip to 120/25° indicat-
ing a westerly paleoflow (i.e., towards the observ-
er). 3 and £ are trough cross stratified conglome-
ratic sandstones. The gravel of bed 2 is inter-
preted as a channel-fill deposit laid down in a
low-sinuosity channel through which detrital
material was transported to the west. At the
channel bank, platy pebbles dip obliquely up-
current.

The last drawing, figure &be, illustrates
portion of a bed of medium-grained sandstone,
in which low-angle trough cross-stratification
gives way sidewards to subhorizontal lamination.
Here the channel axis trends south west —north
-east and a vector resulted from an intersection
of the cross-strata points to 35°. Consequently,
detrital material was transported to the north-
-east (i.e., to the viewer). The interpretation
is similar as for figure 5a.

Illustrated in figure 6 is portion of a small
pebble-floored channel trending nearly west-
-east. The feature is filled up by pebble conglo-
merate (2) that in the bottom portion of the

channel has a character of a pebble-supported
pavement. In the central portion of the chan-
nel, pebbles dip to 270/45°. They are thought
therefore to represent the normal upecurrent
imbrication. At the channel banks, on the
other hand, platy pebbles dip obliquely upcur-
rent. Higher in the bed, gravel becomes more
and more sandy and the arrangement of platy
pebbles is not so simple as in the pavement.
1 is sandy pebble conglomerate with subhori-
zontal streaks of imbricated framework gravel.
Here platy pebbles indicate a northerly paleo-
flow.

Another example of the effects exerted
by channel banks on pebble arrangement in
a pebbly alluvial channel is shown in figure 7.

Fig. 7
Pebble orientation in a pavement lining a small channel.
See text for explanation. Szezawno Formation, outcrop
no. 1740K, 150 m south-west of Zadzierna Mt., north of
Bukéwka

Ulozenie otoczakéw w bruku wyscielajgcym mate ko-

ryto. Objadnienia w tekécie. Kulm ze Szczawna, od-

slonigcie 1740K, 160 m na SW od Zadziernej, na péinoc
od Bukéwki
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Here the channel was eroded in sandy pebble
conglomerate the reworking of which resulted
in an imbricated channel pavement made up
of pebbles and cobbles. Also shown in the draw-
ing are dip directions of platy pebbles. The
channel trends south west—north east and
therefore pebbles dipping to 215/45° are believed
to represent the normal upcurrent imbrication.

imbricated channel-floor gravel (Ia). Here the
channel trends 110° and, therefore, pebbles dip-
ping to 295/15° are interpreted as the normal
upcurrent imbrication. Consequently, another
dip directions are thought to represent the
obligue upcurrent imbrication. Higher in the
bed, the gravel passes imperceptibly into sandy
granule conglomerate with scattered pebbles

Fig. 8
Pebble orientation in a shallow gravel-floored channel. See text for explanation. Location same as for fig. 6

Orientacja otoczakéw w pitytkim, wybrukowanym korycie. Objasnienia w tekécie. Lokalizacja jak na fig. 6

While those dipping to 155/45° and 245/40°
reflect the oblique upcurrent imbrication near
the left- and right bank of the channel, respec-
tively. 2 is fine-to-medium grained sandstone
that to the left passes to sandy granule-pebble
conglomerate. 3 is poorly sorted granule-pebble
conglomerate; here platy pebbles indicate
a paleocurrent direction of 310°.

The last example, illustrated in figure 8,
demonstrates the arrangement of pebbles in an

that in turn grades into trough cross-stratified
conglomeratic sandstone (1b). 2 is sandy granule-
-pebble conglomerate; here a paleocurrent direc-
tion of 35° is indicated by imbricated platy
pebbles.

All the field observations confirm a long
recognized rule that pebble imbrication in
alluvial channels is a bank controlled phenom-
enon. If so, one may assume that the bank-
-effect should be manifested in one way or an-
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other in the diagram pattern itself. This is
certainly true if a sample investigated is large
enough for both central -and lateral portions
of a channel-fill gravel to be included. Should
the condition be satisfied, fabric measurements
in channel-fill gravels will produce character-
istically three-maximum low-concentration dia-
grams (fig. 2, diagram 7; fig. 9a—d). Such
diagrams do differ markedly from one-maximum
high-concentration diagrams characteristic, am-
ong other things, of imbricated bar pavements,
two examples of which are illustrated in

figure 9¢ and f. It does not mean, of course,

that all one-maximum diagrams are attribu-
table to imbricated bar pavements and exam-
ples from quite different environments (fan
gravel, pool gravel) will be discussed below.
The preliminary studies considered seem
to indicate that in the case of recognized de-
positional milieu a careful investigation of grav-
el fabric may help in recognition of channel
direction and sense, in distinguishing between
deposits of low- and high-sinuosity streams,
and perhaps also in solving another special
sedimentological problems. The writer’s obser-
vations together with data taken from litera-
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ture are summarized in a low-sinuosity model a
presented in figure 10.

Application of the model to good outcrops
is simple and essentially needs no comments.
However, uncertainities may arise in the case
of small outcrops i.e., those that are too small
for channels of higher order to be traced along
their entire width.

An example illustrated in figure 11 involves
two beds of pebble conglomerate that on the
basis of their tight packing, numerous pebble
clusters, strong imbrication produecing high-
-concentration diagrams, and the lack of chan-

nelling are thought to have originated as bar
deposits. In both the beds a north-easterly
paleocurrent is indicated. The two gravel
beds enclose five layers of sandy granule con-
glomerate and sandstone (beds 2 —6). These are
interpreted as channel-fill deposits. Each layer is
underlain by an erosional concave-up surface
and an internal channelling is seen within at
least three of them revealing channels trend-
ing south west—north east, or nearly west —
—east. No systematic fabric measurements have
been made in these conglomerates; however,
it is clear from scattered measurements that

|

Fig. 9
Fabric in pebbly channel-fill deposits
M is the normal, upcurrent mid-channel imbrication of pebbles that dip directly into the orienting current; H represents horizontally lying
pebbles, and R and L correspond to the oblique upcurrent imbrication at the right- and left bank, respectively. Measured were only azimuths
and angles of dip of the AB-planes of platy pebbles. Channel trends were established using maxima M and independent field measurements.
Diagrams 9e and f illustrate pebble fabric in the Recent bar pavement from a mid-channel bar on the Bobr (9¢) and the Lower Carboniferous
pavement (9f). Pebble measurements were made in thin sheets of strongly imbricated pebble-to-cobble gravel. Attention: Upper hemisphere
projection is used in all the diagrams!
Sample location: ¢ — Lubomin Formation, outcrop no. 1672R, 470 m south-west of the church in Marciszé6w; b — Bogaczowice Formation,
(? Lower Visean), outcrop no. 1430K, near the summit of Patniska Géra Mt., north of Opawa; ¢ — Bogaczowice Formation, outcrop no. 1145K,
70 m north of hill 751.0 m, north of Leszczyniec; d — Bogaczowice Formation, outerop no. 1048C, 350 m north-east of hill 700.0 m, east
of Rasz6w; ¢ — Bébr River, 4 km north-east of Kamienna Géra; f — Szczawno Formation, outcrop no. 1700K, 850 m west of the village
of Paprotki

Orientacja otoczakéw w zwirach korytowych

M oznacza imbrykacje w srodkowej partii koryta, gdzie otoczaki plaskie zapadaja dokladnie pod prad; H — otoczaki plaskie lezace hory-
zontalnie; R — otoczaki plaskie wykazujace skoéna, podpradows, imbrykacje w poblizu prawego brzegu koryta: L — otoczaki plaskie wy-
kazujace skoéna, podpradows imbrykacje w poblizu lewego brzegu koryta. Diagramy zostaly sporzadzone wylacznie na podstawie pomiaréw
ulozenia plaszezyzn AB otoczakéw plaskich. Kierunki koryt wyznaczone w oparciu o maksima M i niezalezne pomiary terenowe. Figury
9¢ i f przedstawiaja orientacje otoczakéw we wspoélczesnym bruku obserwowanym na lasze Bobru (9¢) oraz w bruku kulmowym (9f). Po-
miary zostaly wykonane w cicnkich warstwach silnie zimbrykowanego zwiru. Wspoélczesny bruk byl obserwowany na jednej z érédkorytowych
lach Bobru. Na wszystkich diagramach zastosowano projekcjc gérnej polkuli.
Lokalizacja: ¢ — kulm z I.ubomina, odsloniecie 1672R, 470 m na SW od koéciola w Marciszowie; b — kulm z Bogaczowic (? wizen dolny),
odslonigcie 1430K, w poblizu szczytu Paliskiej Géry, na polnoc od Opawy; ¢ — kulm z Bogaczowic, odsloniecie 1145K, 70 m na N od wzgérza
751,0 m, na pélnoc od Leszczynca; d — kulm z Bogaczowic, odsloniecie 1048C, 350 m na NE od wzgérza 700,0 m, na E od Raszowa; ¢ —
Bébr, 4 km na NE od Kamiennej Géry; f — kulm ze Szczawna, odstoni¢cie 1700K, 850 m na W od wsi Paprotki
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Mg, 10
Pebble arrangement in a low-sinuosity pebbly stream
(a model @). Fabric diagram (b) demonstrates the
arrangement of platy pebbles in a straight reach
(taken into account are only platy pebbles, fabric
measurements are made across the ontire width of
the channel, upper hemisphere projection)

! — prominent maximum of pebbles dipping directly into the

orienting current. These pebbles tend to be concentrated in the

axial portion of the channel; 2 — submaximum of pebbles dipping

obliquely upcurrent in the left side portion of the channel; 3 —

submaximum of pebbles dipping obliquely upcurrent in the right

side portion of the channel. Compare diagram 7 in figure 2 and
diagrams a —d in figure 9

Ulozenie otoczakéw w zwirowej roztoce (model a).
Znakami biegu i upadu zaznaczone 8 kierunki zapadu
powierzchni AB otoczakéw plaskich. Diagram orientacji
otoczakéw (b) ukazuje wylgcznie ulozenie otoczakéow
plaskich (pomiary odnosza si¢ do calej szerokosci ko-
ryta, projekcja gornej poétkuli)
1 — gléwne maksimum odpowiadajgce normalnej, podpradowej
imbrykacji otoczakéw plaskich wyécielajacych osiowsa partie
koryta; 2 — drugorz¢dne maksimum sko$nie podpradowo zimbry-
kowanych otoczakéw przy lewym brzegu koryta; 3 — submaksi-
mum sko$niec podpradowo zimbrykowanych otoczakéw przy pra-
wym brzegu koryta. Strzalka wskazuje kierunek przeplywu. Po-
rownaj diagram 7 na figurze 2 oraz diagramy a —d na figurze 9

at least two of them will give three-maximum
fabric diagrams. These measurements indicate
paleoflows to the north-east and east.

Figure 12 demonstrates how pebble fabric
and crossbedding may help in reconstruction of
ancient channels and bars at least in the Sudetic

Kulm deposits. A channel feature illustrated
in the drawing is filled up by sandy granule
conglomerate displaying trough cross-strati-
fication (I). Within this layer, platy pebbles par-
allel the cross-strata (pseudoimbrication). To-
wards the left bank of the channel, the conglo-
merate passes progressively to sandstone and
conglomeratic sandstone (2) and within this
layer cross-strata almost parallel the channel
trend. Note also that the cross-strata change
in character from half-sigmoidal initial ones,
through angular foresets, to tangent strata
thus possibly reflecting changes in the depth
ratio (see Jopling 1963; 1965). The interpreta-
tion involving the channel, the sand wedge,
and the braid bar (fig. 12) is based on the model
evolved by Rust (1972, fig. 14). The braid bar is
made of imbricated homogeneous gravel dis-
playing poorly-defined subhorizontal layering
and a similar conglomerate (3) is seen beneath
the channel-fill deposit.

Another feature frequently noted in many
small outerops in the Intrasudetic Kulm is
so-called “herringbone imbricated pattern”.
This depends upon the presence in a conglome-
rate of successive layers of gravel platy pebbles
of which dip at first sight in opposite directions
(fig. 13). Field measurements by the writer re-
vealed, however, that in a given couple of gravel
layers platy pebbles rarely dip in exactly opposite
directions and that the dip azimuths range
commonly in a wide sector of 50 —180°. Thus
the opposition in the dip azimuths is usually
more apparent than real. However, the herring-
bone imbricated pattern suggest an enormously
high scatter of paleocurrents for closely
associated layers of gravel. It is also curious
that the scatter in pebble dip directions is
usually greater than the dispersion in channel
trends seen in the same outcrop.

The example illustrated in figure 13 is
interpreted in terms of the normal- and oblique
upcurrent imbrication. It is suggested that the
layers 1 to 4 are portions of some more extensive
channel-fill gravels and that the conglomerates
seen in the outcrop represent a case of the oblique
upcurrent imbrication (modal dips of platy
pebbles are 230/30° for layer 1, 5/45° for 2,
200/35° for 3, and 245 /25° for 4). Consequently,
a general eastward paleocurrent direction is
postulated and this appears to be in substan-
tial agreement with channel trends, which in
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Fig. 11
Bar- and channel-fill conglomerats of the Szczawno Formation, outerop no. 1707K, 350 m north of hill 639.2 m,
south of Bukéwka. See text for explanation
Fragment odsloniecia ukazujacego zlepiefice osadzone na lachach oraz zlepience i piaskowce zloZone w korytach.
Kulm ze Szezawna, odstoniecie 1707K, 350 m na N od wzgérza 639,2 m, na poludnie od Bukéwki. Dalsze objaénienia
w tekscie

Fig. 12
Showing gravelly braid bar, alluvial channel, and sand wedge reconstructed in the Kulm conglomerate, Szczawno
Formation, outerop no. 1711K, 80 m north-west of hill 582,8 m, south of Bukéwka. See text for more information
Zwirowa lacha roztokowa, koryto aluwialne i nasyp piaszezysty zrekonstruowane w zlepieficu kulmowym. Kulm
ze Szczawna, odsloniecie 1711K, 80 m na NW od wzgérza 582,8 m, na poludnie od Bukéwki. Dalsze objaénienia
w tekécie
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the outcrop in question range in a sector of
40 —130°. The interpretation was tested by
plotting the field measurements on the equal
area polar coordinate net and the result is
shown in figure 14a. Should a braided stream
shift to-and-fro over its alluvial plain, measure-
ments of dip direction of platy pebbles in a sec-
tion perpendicular to the mean valley trend
will give three-maximum low-concentration
diagrams.

In the Sudetic Kulm the herringbone imbri-
cated pattern was usually observed in moder-
ately, or fine-grained poorly-sorted gravels

composed of a mixture of pebbles, granules,
and coarse sand. In some instances the succes-
sive layers of gravel were rather easily distin-
guishable from one another (but usually were
not separated by any distinct boundaries or
parting surfaces), whereas in others no dis-
tinction was possible. In such a case only
a careful investigation of dip directions of
platy pebbles may enable the geologist to
recognize and classify the structure as the her-
ringbone imbricated pattern.

Efforts were also made to analyse in a similar
way a greater number of data gathered in
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Fig. 13
“Herringbone imbricated pattern” in sandy granule-pebble conglomerate. Heavily dotted is portion of an exposure

and sparsely patterned is the interpretation. See text for full explanation. Szczawno Formation, outerop no.
1705A, 250 m south-west of hill 639.2 m, south of Bukéwka

Interpretacja osobliwego ulozZenia otoczakéw plaskich polegajacego na istnieniu mniej lub bardziej zindywiduali-

zowanych warstw zwiru, w ktérych otoczaki plaskie zapadaja w przeciwnych kierunkach. Gesto kropkowane pole —

fragment odsloniecia, rzadko szrafowane — interpretacja. Kulm ze Szczawna, odsloniecie 1705A, 250 m na SW
od wzgbrza 639,2 m, na poludnie od Bukéwki

many outcrops representative of some larger
areas. Such an analysis was first made for the
Szezawno Formation conglomerates of the west-
ern Intrasudetic Basin (fig. 14%). The diagram
in question is based on 168 channel trends
and 218 stations of imbrication measurements

each including from between several to a dozen
or so readings. It was imposible, however, to con-
struct the diagram simply by plotting the meas-
urements on a coordinate net because of a
between-outerop variance in mean channel
trend, so that a random diagram pattern was

Fig. 14

Interpretation of imbrication- and channel-trend measurements in some Intrasudetic Kulm deposits

a — showing channel trends (lines) and imbrication (dots) in conglomerate and conglomeratic sandstone from a group of several adjacent
exposures (outcrop 17054, see fig. 13). Channel trends vary in direction in a sector of 40 —130° and imbrication measurements clustered
at I are, therefore, likely to represent the normal upcurrent imbrication. Secondary maxima (2 and 3) are interpreted as the oblique upcurrent
imbrication in the left- and right side portions of channels studied, respectively. Iu spite of a high scatter in directional data, the interpreta-
tion suggests the essentially unidirectional transport to the east-east-north. Sec text for more information;

b — showing 168 channel-trend measurements and 218 imbrication readings from the Upper Visean Szczawno Formation (western
Intrasudetic Basin). Sce text for explanation:

¢ — imbrication in the alluvial fan environment. Based on 150 high-concentration diagrams made for particular beds in bouldery
cobble-pebble conglomerate of the Bogaczowice Formation in the area west of Pisarzowice. The conglomerate was laid down on a large
alluvial fan, the Czarn6w Fan, covering originally an area of at least 20 square kilometers. Maximum I (= 24 per cent) corregponds to im-
brication in the upper portion of the fan where the fan axis trends nearly west-east. While submaximum £ (= 12 per cent) corresponds to
imbrication in the lower portion of the fan trending approximately south west —north east. If the fabric measurements are converted to angu-
lar deviation from a discrete fan axis, a one-maximum high-concentration diagram is obtained;

d — pebblo imbrication (dots) and channcl trends (lines) in sandy pebble conglomerate: an example of a deposit of unidirectionally
migrating braided river. See text for explanation. Lubomin Formation, outcrop no. 96S, Czarna Goéra Mt, south of Bogaczowice

Diagramy ilustrujace interpretacje pomiaréw imbrykacji i kierunkéw koryt w kulmie érédsudeckim

a — diagram ukazuje kierunki koryt (linie) oraz pomiary imbrykacji (punkty) w zlepiericach i zlepieieowatych piaskowecach z kilku
blisko polozonych odstonieé (odsloniecie 1705A, por. fig. 13). Kierunki koryt wahaja sie w sektorze 40 —130°. Pomiary imbrykacji skupiajace
si¢ w polu I mogg reprezentowaé normalna, podpradows imbrykacje. Submaksima oznaczone 2 i 3 sa interpretowane jako sko$na, podpradowa
imbrykacja reprezentujaca zwiry lewych i prawych bocznych partii koryt. Niezaleznie od duzej dyspersji wskaznikéw kierunkowych trans-
portu powyizsza interpretacja sugeruje istnienie zasadniczo jednokierunkowego transportu materialu detrytycznego ku EEN. Linie przery-
wane majg znaczenie czysto interpretacyjne;

b - interpretacja pomiaréw kierunk6w koryt (168 pomiar6w) oraz imbrykacji (218 pomiaréw) w zlepienicach i zlepiericowatych piaskow-
cach kulmu ze Szczawna zachodniej czefci niecki $rédsudeckiej. Dalsze objagnienia w tekécie:

¢ — imbrykacja na kopalnym stozku naplywowym. Diagram oparty na 150 diagramach odnoszacych si¢ do poszezegélnych lawic
w blokonoénych zlepiericach $rednioziarnistych kulmu bogaczowickiego w obszarze na zach6éd od Pisarzowic. Zlepierice te osadzily sie na
duzym stozku naplywowym (stozek Czarnowa), ktérego powierzchnia przekraczala pierwotnie 20 km? Maksimum I (= 24 %) odnosi sie do
imbrykacji w zZwirach goérnej czefci stozka, w strefie gdzie jego osiowa partia przebiega prawie dokladnie réwnoleznikowo. Submaksimum
2 (= 12 %) odnosi si¢ do imbrykacji w zwirach dolnej czesci stozka w obszarze, w ktérym osiowa partia stozka przebiega w kierunku SW —NE;

d — imbrykacja otoczakéw plaskich (kropki) i kierunki koryt (linie) w zlepiericu drobnoziarnistym, rcprezentujacym osad korytowy
nagromadzony w warunkach jednokierunkowej migracji koryt, ktore przesuwaly si¢ konsckwentnie ku zachodowi. Dalsze objasnienia w tek-
scie. Kulm z Lubomina, odslonigcie 968, Czarna Goéra, na poludnie od Bogaczowic

— Geologia Sudetica
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obtained. In order to circumvent the difficulty
it was necessary to convert the field imbri-
cation measurements to an angular deviation
from the mean channel trend for each outecrop
involved. In the case considered this was at-
tained in the following way: A tracing paper
was attached to the center of a coordinate net
and an arrow representing a discrete mean
channel trend was drawn on it. Then the mean
channel direction and sense was established
for each outcrop selected and the tracing paper
was turned untill the arrow adjusted this direc-
tion. In such a position of the tracing paper
imbrication readings were plotted on it. The
procedure was repeated for each outcrop in-
volved. Using this method a low-concentration
three-maximum diagram was obtained (fig. 14b).
Unfortunately, the scatter in mean channel
trend between the outcrops studied is so large
that the diagram has no bearing on paleogeog-
raphy. It clearly demonstrates, however, that
pebble imbrication measurements gathered from
an area of some 20 square kilometers can
produce a diagram pattern that is almost
identical with the model diagram postulated
by the present writer for pebbly braided rivers
(figs. 10, 13). Consequently, the prominent
maximum (I = 8.3 per cent) in figure 14b is
likely to represent the normal upcurrent imbri-
cation and the two last maxima (2 = 6.4
per cent and 3 = 5.5 per cent) are ascribed
to the oblique upcurrent imbrication in the
left- and right portions of the Kulm channels,
respectively.

The interpretation seems to be confirmed
by an independent field evidence clearly
indicating that the majority of sediments in-
vestigated in this study are indeed channel-fill
gravels and sands and that they originated most-
ly under conditions of channelized (confined)
flow. Furthermore, the coarseness of detrital ma-
terial, which is mostly confined to bed-load mate-
rial, the symmetry and the high width/depth ra-
tio of the majority of “frozen channels”, the com-
mon lack of any trend in grain size distribution
all point to the conclusion that the conglome-
rates in question were indeed laid down by
ancient low-sinuosity braided rivers.

In spite of a high dispersion of unconverted
directional data, it may be deduced from figure
14b that the Kulm conglomerates considered
were really deposited under conditions of

generally unidirectional paleoflow as it may
be expected in the valley-floor fluvial environ-
ment (comp. Selley 1968).

In the light of these preliminary investi-
gations it may be interesting to compare fabric
diagrams obtained from channel-fill valley-floor
gravels with those constructed for fan conglo-
merates, or fanglomerates. To explore the idea
several collective diagrams were made for the
Kulm fanglomerates using data gathered from
the lowermost Kulm, in which at least a dozen
alluvial fans were recently recognized by the
writer (Teisseyre 1973; 1975). For each fan
studied a high-concentration one- or two-
-maximum diagram was obtained (fig. 14e¢).
Moreover, it also appears that in the alluvial-fan
environment the scatter in pebble imbrication
measurements is smaller than that for ac-
companying channel features and that the re-
verse is true for the valley-floor fluviatile
environment,.

Let us suppose that in a certain span of
time a pebbly braided river shifts consequently
in one direction. If so, it may happen that the
only deposits preserved are those laid down
in one side of successive channels alone, others
being destioyed in the process of channel
migration. A graphic expression of this is
figure 14d. The diagram is based on measure-
ments made in channel-fill pebble conglomerate
and conglomeratic sandstone. The stiucture
of this gravel is somewhat unusual as only the
eastern (and rarely some central) portions
of the original channel features are seen in the
exposure suggesting a consequent westward
migration of the successive channels. Therefore
a weak maximum of pebble imbrication (I in
fig. 144d) is likely to represent the normal upcur-
rent imbrication and a northerly paleoflow is
suggested. This agrees substantially with the
mean channel trend of 350° for the whole
outcrop studied. The prominent maximum
(2), on the other hand, simply corresponds to
imbrication measurements made in the eastern,
or right portions of the channel-fill conglomera-
tes investigated (oblique upeurrent imbrication).
The example considered may seem trivial. How-
ever, in small outerops, in which channelling is
only hardly recognizable, such an imbrication
may give a false impression of paleocurrents
that are in fact at a right angle to the real
paleoflow.
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As it has been postulated above three-
-maximum low-concentration diagrams are re-
presentative (among other things) of channel-
-fill gravels. The idea was tested in the field
during the 1973 field season. Additional fabric
measurements were made in some randomly
selected channel-floor gravels exposed in sections
roughly perpendicular to the channel trend.

In each channel studied, pebbles were measured
in three arbitrarily limited, but clearly-cut
segments involving two side portions of the
channel and a central portion separating the
former ones. Independent measurements were
made in order to establish the mean channel
trend. The results obtained are exemplified in
figure 15.

Fig. 15

Pebble fabric in two channel-floor conglomerates
Maxima A, R, and L refer to fabric measurements made in the middle-, right-, and left portions of channecls studied. « — Szczawno Forma-
tion, outcrop no. 1705K, 540 m east of the church in Stara Bialka; b — Szczawno Formation, outcrop no. 1764K, 805 m east of the church
in Stara Bialka

Ulozenie otoczakéw w dwu zlepiencach korytowych

Maksima M, R i L odnoszy si¢ do pomiaréw wykonanych w srodkowych, prawych i lewych bocznych partiach badanych koryt. ¢ — kulm
ze Szezawna, odsloniecie 1705K, 540 m na E od kosciola w Starcj Bialce; b — kulm ze Szczawna, odslonigeie 1764K, 805 m na E od koscio-
la w Starej Bialce

GRAVEL FABRIC IN MEANDERING REACHES OF THE LESK CREEK
AND THE STRZEGOMKA RIVER

Gravel fabric was also studied by the writer
on meandering reaches of the Lesk Creek and
the Strzegomka River and some of their trib-
utaries. In general meandering pebbly reaches
of these streams comprise many — if not all —
of the following areas of sedimentation: the
pool, the bar platform, the supra-platform
bar including bar head gravels, the bar lee, and
the bar tail (terminology after Bluck 1971).
Another features not reported by Bluck from
the Endrick, but found by the writer on the

Strzegomka tributaries are chute bars and sim-
ilar lobate embankments (comp. McGowen,
Garner 1970). These were observed, for instance,
immediately downstream from sharp bands
caused by a complete local infilling of pre-flood
channels by transverse gravel bars. The bars
accreted downchannel owing to local, but
rather exceptionally heavy floods. The 1964’s
flood on the Polski Potok brook (which is
a right-bank tributary of the upper Strzegomka)
enabled the present author to observe how the
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accumulation of a transverse bar had caused
the water to overtop the banks at first and then
to erode a new channel at right angles to the
original one. This in turn had forced the flow
against a higher terrace, or deflected it onto
a flat overbank area where a new channel
was soon eroded bypassing the infilled original
reach. Generally chute bars developed immedi-
ately downstream from the bands. Further-
more, it seems that the bands, chute bars,
and transverse bars tend to develop at a junc-
tion of meandering and braided reaches, or
in places where the valley floor widens abruptly
(comp. Scott, Gravlee 1968).

The pool is almost always floored with
pebble-to-cobble gravel constituting a frame-
work paveimnent. The gravel sometimes contains
also large blocks and smaller lumps of silty,
or clayey topstratum deposits. These were
formed in the process of undercutting along
eroded concave banks of fine topstratum
alluvia. Trees, logs, and bushes fallen into the
pool from caved concave banks are sometimes
found within the pool, however, it is observed
quite frequently that they were washed away
down the meander loop to form tree jams
at the pool/riffle junction. It is particularly
upstream of these jams where Recent deposition
is taking place on both point bars and riffle
shoals thus reflecting a local rise in base level.

Usually the pool is part of a stream too
deep for fabric measurements to be made.
However, during the low stage water is com-
monly transparent enough for qualitative ob-
servations to be performed. The pool gravel
is as a rule imbricated. Some platy pebbles,
however, only floor the inclined band surface
being, in fact, not imbricated. It was also
found that in left bands the maximum pro-
jection planes of platy pebbles are turned
clockwise and in right bands — counterclock-
wise with respect to normals drawn to the bands
in a place where a given pebble rests. Further-
more, in portion of a stream floor transitional
between the pool and the bar platform the orien-
tation of the AB planes of platy pebbles tends
to be more normal with respect to the orien-
ting current.

The bar platform is a convex, but usually
gently sloping surface dipping into the pool.
Immediately after a higher-than-normal dis-
charge, the surface is as a rule covered by pebbles

that up the bar platform frequently give way
to finer gravel and coarse sand. Here the orien-
tation of platy pebbles is usually variable.
However, there is a slight tendency for platy
pebbles to dip upcurrent (or obliquely upcur-
rent) in lower portions of the platform, whereas
pseudoimbrication, or random dip directions
prevail in higher portions of the surface.

On the supra-platform bars, gravels tend
to be concentrated primarily on their upstream
portions termed the bar head by Bluck (1971).
The bar head gravel accumulations vary in
shape from elongated, crested convex-up fea-
tures called here the supra-platform gravel

Fig. 16
Pebbly point bar and lateral chute on the Lesk Creek,
after the summer flood in mid-August, 1972. Located
in the village of Jaczkéw, some 950 m west-west-south
of the church. View is downstream, See text for further
explanation

Zwirowa lacha meandrowa na Lesku we wsi Jaczkéw,

stan po powodzi w sierpniu 1972. Widok w dét stru-

mienia. Dalsze objasnienia w tekécie. 950 m na WWS
od koéciola w Jaczkowio

bars to lobate features whose upstream portions,
instead of being crested, display shallow scours
or channels. The latter are similar in many
aspects to the chute bars (fig 16) described
by McGowen and Garner (1970). This term
is preferably choosen for the features considered
as it suggests the origin from channellized
chute-type of flow (comp. Johansson 1963;
Jopling, Richardson 1966; Guy et al. 1966;
McGowen, Garner 1970) and it is very likely
that this was indeed the case. The shallow
channels so typical of the chute bars as well
as stoss sides of the supra-platform gravel bars
are as a rule floored by framework, strongly
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imbricated gravels. In deeper portions of the
channels, however, the arrangement of platy
pebbles exhibits a good bank control.

A bar illustrated in figure 16 is an elongated
crescentic in plan feature sloping gently into
the adjacent pool. The bar surface is lined
by openwork imbricated gravel. Here platy
pebbles dip obliquely upcurrent similarly as
on a side portion of a low-ginuosity reach.
The bar crest is situated near the lateral chute
thus demostrating the asymmetry of a trans-
verse bar section. The inner margin of the bar
is a steep lee face sloping at an angle of repose
into the lateral chute (figs. 17, 18).

Fig. 17

In some instances the point bar is separated
from the inner accretionary bank by a lateral
chute, or swale. This is simply a sort of cut-off,
or nearly cut-off lateral channel (fig. 18).
The swale is commonly floored and at least
partly filled by fine materials involving sand,
silt, and clay as well as plant matter including
plant detritus, branches, logs, small trees,
and bushes. These materials tend to accumu-
late in inactive channels and depressions that
acted as stilling basins sheltered from the cur-
rents by gravel bars. The lateral swale is
sometimes also an area of deposition of ferric
hydroxide gels.

Fig. 18

Detail pictures showing the pebbly point bar illustrated in figure 16. Note ponded lateral chute, slip face dipping

into the lateral chute at an angle of about 30°, bar crest, and bar stoss-side. The slip face trends obliquely to the

chute axis. Shown in figure 18 is also sandy bar-lee deposit. A black patch near the center of figure 18 is transported
plant matter. Camera looking upstream

Zdjecie ukazujace fragment lachy meandrowej przedstawionej na figurze 16. Widaé¢ wypelnione woda koryto boczne,

§ciane czolowa lachy (slip face), grzbiet lachy (crest) oraz powierzchni¢ napradows lachy (stoss side). Sciana czo-

lowa lachy opada w kierunku bocznego koryta pod katem okolo 30°. Sciana ta rozciaga si¢ skoénie do kierunku

koryta bocznego. Na figurze 18 widaé tez cze$é piaszezystych osadow zloZonyech w cieniu lachy meandrowej.
W poblizu §rodka figury 18 widaé naplawiony material roélinny (czarna plama). Widok pod prad

Lee faces of both the chute bars and the
supra-platform gravel bars are typical areas
of pseudoimbrication, in which platy pebbles
rest parallel, or nearly parallel, to the foresets. It
may be also mentioned that some of the supra-
-platform bars lack lee faces and are nearly
symmetrical in a longitudinal section.

The bar-lee and bar-tail deposits are as a rule
sandy and will not be discussed in this article.
Typical of these areas are transverse- and oblique
bars as well as patches of rippled sand.

Another interesting depositional features
were observed by the author on reaches subjected
to the rise in a local base level, mostly resulting
from a man-made activity. This was found to
promote an appreciable aggradation in the
area upstream from obstructions and in some
instances resulted in a change from a meander-
ing to low-sinuosity braided channel pattern.
The meandering was dying out progressively
a8 a consequence of gradual accumulation of
peculiar gravel bars growing in what was
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previously the pool and the pool/bar platform
junction. These bars called here “meander-plug
bars”, or “meander-plug gravels” are crescentic
flat-topped accumulations of gravel the shape
of which is inherited from the original pool.
Generally the bars are made up of roughly
concentric layers of gravel to which are as-
sociated thin and discontinuous streaks of
sand (crossbedded, or parellel laminated). Platy
pebbles are imbricated obliquely upcurrent
and the orientation of the maximum projection
planes of platy pebbles is essentially the same
as in the adjacent (and underlying) meander
pool gravel. Commonly the meander-plug bars
are separated from the concave banks by cut-off
channels, or dead sloughs. These are usually
loci of temporary oxbow lakes, or sites of
deposition of fine silt and mud to which are
associated plant accumulations and deposits
of ferric hydroxide. Once stabilized by vege-
tation, the meander-plug bars become a perma-
nent feature.

Contemporaneously with the formation of
the meander-plug bar the main thalweg is
shifted progressively towards the original convex

bank. This results in the formation of a new
channel that is always less sinuous, but stee-
per than the original meandering one. The
new channel is entrenched into relatively
fine-grained point-bar deposits. The new chan-
nel, however, soon becomes paved partly
owing to an intense winnowing of the under-
lying bed material.

Such modifications in channel pattern were
observed by the author during the 1968 —72’s
field seasons, particularly in a catchment
area of the Strzegomka Rivers. Here some
small tributaries were found to modify their
pattern from a meandering- to low-sinuosity
braided one in no more than three or four
years. It is also unquestionable that these mod-
ifications were by no means conditioned by
any change in discharge, bed material, or
stream load. Simply a man-made change in
a local base level was the only cause.

It is very likely that similar meander-plug
accumulations do occur elsewhere — see, for instance,
Doeglas 1962, fig. 5.

FABRIC IN HIGH-SINUOSITY CARBONIFEROUS CHANNELS

Structure and fabric in the Lower Carbon-
iferous deposits, which are thought to have
accumulated in ancient high-sinuosity streams,
are illustrated in figures 19 —29. All the deposits
are attributable to the draining river associa-

tion. Data were gathered in both the northern-
and western Intrasudetic Basin where the field
investigations were limited to the Middle-
and Upper Visean formations.

Figure 19 illustrates a sandy channel-fill de-

\

Fig. 19
High-sinuosity “frozen” channel in the Arkose Member of the Uppermost Szczawno Formation, outerop no. 1688K,
situated in bed of the B6é6br River, 1850 m south-east of the church in Opawa. See text for more information

Kopalne koryto rzeki meandrujgeej w piaskowcach czlonu arkozowego najwyzszej partii kulmu ze Szczawna,
odsloniecie 1688K w korycie Bobru, 1850 m na SE od koéciola w Opawie. Objadnienia w tekécie



posit typical of the uppermost Kulm in the
southern portion of the Intrasudetic Basin,
termed here the Subarkose Member. This is
up to 50 meters thick and distinguishes itself
by the predominance of subarkose and mica-
ceous subgraywacke and siltstone over pebble
conglomerate. The member comprises nume-
rous well-defined fining-upwards sequencies sug-
gesting the origin from high-sinuosity streams
rather than braided ones.

An example of channels typical of the Sub-
arkose Member is a “frozen” channel shown

Represented in figure 20 is a small asym-
metrical channel filled up by pebble conglo-
merate (2) that to the north-west passes
progressively into sandy granule-pebble conglo-
merate and conglomeratic sandstone. The strike
and dip of the steep eroded bank is 200/70° E.
Azimuths and dip angles of the AB planes of
platy pebbles are visualized in the drawing.
The channel is cut down in sandy pebble con-
glomerate (1) platy pebbles of which are imbri-
cated ; here a north-easterly paleoflow (of 55°) is
indicated. The same paleocurrent direction is

Fig. 20

Asymmetrical channal in conglomerate of the Szczawno Formation, outerop no. 1709K, 70 m north-west of hill
543.1 m, south of Buk6éwka. Current direction in bed 2 was away from the observer. See text for explanation

Asymetryezne koryto w zlepieficach kulmu ze Szezawna, odsloniecie 1709K, 70 m na NW od wzgérza 543,1 m,
na potudnie od Bukéwki. W lawicy 2 kierunek pradu od obserwatora. Dalsze objasnienia w tekécie

in figure 19. The channel-fill deposit comprises
fine sandy conglomerate (Ia), sandy pebble
conglomerate (I1b) passing to sandy granule
conglomerate (I¢), well sorted medium-grained
sandstone (Id), and fine sandstone and silt-
stone (e, occasionally with granules). In the
deepest portion of the channel, the arrange-
ment of platy pebbles is typically random, while
the oblique upcurrent imbrication indicative
of a mnortherly paleocurrent is seen at Ib.
The section is thought to represent a typically
high-gsinuosity stream deposit and the interpre-
tation suggested is given in the drawing.

revealed by an imbricated pavement at the
base of the overlying pebble conglomerate (3).

The conglomerate occurrying in the left
portion of the channel is interpreted as a pool
gravel. Platy pebbles flooring the steep eroded
bank are imbricated obliquely upcurrent, while
those lying on the flat deepest portion of the pool
dip directly into the current. The cross-stra-
tified sandy deposit is thought to have originated
as a bar platform deposit. It is very likely that
the gravel labelled 2 (except for imbricated
channel pavement) represent a meander-plug
bar.



Another asymmetrical channel is illustrated
in figure 21. Here the channel-fill deposit
comprises three or four distinctive lithologies
involving tightly packed pebble conglomerate
(2a) passing southwards into sandy granule-
-pebble conglomerate; cross-bedded sandstone
(2b), sandy granule-pebble conglomerate and
crossbedded conglomeratic sandstone (2¢), and
poorly sorted conglomeratic sandstone at the
southern end of the feature. The steep ero-

eroded in an imbricated pebble-cobble conglo-
merate the platy pebbles of which indicate
a north-easterly paleoflow (of 45°). From the
above, the channel-fill deposit is truncated
by a paved planar surface of erosion; this is
overlain by pebble conglomerate.

On the basis of these data, a high-sinuosity
channel is reconstructed (see interpretation
in fig. 21) with the pool as an environment for
the obliquely upcurrent imbricated pavement

Fig. 21
Asymmetrical channel in conglomerate of the Szezawno Formation, outerop no. 1721K, top portion of hill 582.8 m,
south of Bukéwka. In this channel, material was transported towards the viewer. See text for full explanation

Asymetryczne koryto w zlepieficach kulmu ze Szczawna, odsloniecie 1721K, szezytowa partia wzgérza 582,8 m,
na potudnie od Bukéwki. W tym korycie material detrytyczny byl transportowany ku obserwatorowi. Dalsze
objadnienia w tekdcie

ded bank strikes 300° and dips at an angle
of 70 —80° to the south-west. The conglo-
merate labelled 2a is imbricated obliquely up-
current and azimuths and dip angles of the AB
planes of platy pebbles are given in the drawing
Im. The erosional surface underlying the
conglomeratic sandstone labelled 2¢ is paved.
The azimuths and dip angles of cross-strata
are labelled S8f. The channel considered was

(2a), the bar platform for poorly sorted chaotic
gravel (between 2a and 2¢), and the supra-plat-
form bar for the cross-stratified gravelly sands
(2b and 2¢). Most likely the latter were deposited
as transverse bars or embankments.

Figure 22 shows portion of an asymmetrical
channel filled up by tightly packed pebble
conglomerate (2a) that southwards passes pro-
gressively into sandy granule-pebble conglo-



merate (2b) and crossbedded conglomeratic
sandstone (Z2¢). Azimuths and dip angles of
the AB planes of platy pebbles are labelled Im
and those of foreset beds — Sf. The steep
eroded bank of the channel trends 250° and
dips into the channel at angles of 60 —65°.
It is noteworthy that platy pebbles clustered
at 2 are imbricated with respect to the foresets

are thought to have been deposited m a high-
-sinuosity channel. The obliquely imbricated
gravel labelled 2a is interpreted as a pool
gravel. Finally, the crossbedded sandy conglo-
merate and conglomeratic sandstone (2b and
2¢), on the other hand, are believed to be
platform bar deposits accumulated owing to
the bar head current.

Tig. 22
Asymmetrical channel in conglomerate of the Szczawno Formation, outerop no. 1724K, 800 m east of hill 640.4 m,
west of Blazkowa. Paleocurrent direction in bed 2 is towards the observer. See text for more information

Asymetryezne koryto w zlepiencach kulmu ze Szczawna, odslonigcie 1724K, 800 m na E od wzgérza 640,4 m, na
W od Blazkowej. W lawicy 2 paleoprad jest skierowany ku obserwatorowi. Dalsze objadnienia w tekdcie

and compared to them they dip in the op-
posite (upcurrent) direction. The channel is
cut in sandy granule-pebble conglomerate (I)
deposited by a northwesterly paleoflow (of
320°). 3 is sandy granule-pebble conglomerate
and 4 is pebble conglomerate. The latter is
underlain by an imbricated pebble pavement.

Both gravel and gravelly sand of bed 2

Illustrated in figure 23a is an asymmetrical
channel cut down into pebble conglomerate (I).
At the northern portion of the exposure, the
conglomerate is tightly packed, but southwards
it becomes more and more sandy. The channel-
-fill deposit comprises sandstone and gravelly
sandstone (2a) that parallel the steep outer
bank, closely packed pebble conglomerate (2b)
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passing southwards into sandy granule-pebble
conglomerate, crossbedded conglomeratic sand-
stone (2¢), conglomeratic sandstone and granule
conglomerate (2d), and, finally, slightly con-

ing steep outer banks of some asymmetrical
Kulm channels. Perhaps this fine deposit was
trapped by the rough, gravelly bank surface or
branches and logs hurled against the coneave

bank by the pool current. A log of Lepido-
dendron seen in the layer in question seems to

glomeratic sandstone (Z¢) displaying trough
cross-stratification. The strike and dip of the
steep eroded bank is 325/45 —55° SW. The
strike and dip of foreset beds (Sf) in conglo-
meratic sandstone labelled 2¢ is 260/25° N.
Beneath the sandstone, there is an imbricated
channel pavement the platy pebbles of which
dip to 210° at an angle of about 25 —35°. 3 is
sandy granule-pebble conglomerate. This is
underlain by an imbricated pebble pavement,
too. Another asymmetrical channel is seen
truncating bed 3. This is filled up by conglome-
rate and conglomeratic sandstone.

The channel-fill deposits labelled 2 are
thought to have been deposited in a high-
-sinuosity channel. The tightly packed gravel
(2b) is interpreted as a pool gravel. In the
marginal portion of the channel, this gravel
is imbricated obliquely upcurrent (fig. 23b),
while in the bottom portion of the channel,
platy pebbles seem to dip directly into the
orienting current (fig. 23¢). Furthermore, the
cross-stratified gravelly sand (Z2¢) is believed
to represent a bar platform deposit and the
trough cross-stratified sand (2¢) is attributed
to a minor bar-head channel. The origin of the
sandy deposit labelled 2a is, however, somewhat
enigmatic. It can be by no means considered
a local phenomenon and similar fine deposits
were frequently observed by the author floor-

Fig. 24
Diagram showing pebble fabric in a channel-fill con-
glomerate, Lubomin Formation, outcrop 1637R, 600 m
north-west of hill 642.0 m, north of Sedzistaw. See text
for explanation

Diagram przedstawiajacy orientacje otoczakéw w zle-

pieficu korytowym. Kulm 2z Lubomina, odslonigcie

1637R, 600 m na NW od wzgdérza 642,0 m, na péinoc
od Sedzistawia. Dalsze objadnienia w tekscie

Fig. 23
Asymmetrical channel in conglomerate of the Lubomin Formation, outerop no. 878, 540 m south-west of Mrowica
Mt., south of Bogaczowice

a -~ outcrop view. In this channel, detrital material was transported towards the observer. P. C. = pool current, B. H. C. = bar-head
current. See text for more information;

b — diagram illustrating pebble fabric in the closely packed pool gravel (see fig. 23a for location). The majority of platy pebbles dip
obliquely upcurrent (prominent maximum of 195/25°, = 22 per cent). It is cvident from the diagram that some platy pebbles only floor
the channel and display no imbrication;

¢ — diagram showing pebble fabric in the closely packed pool gravel near the bottom of the channel (see fig. 23a for location). There
i8 onc prominent maximum (145/25°) corresponding to platy pebbles dipping directly into the current. The resultant paleoflow of 325° parallel
the mean channel trend. Secondary maximum of 205/30° corresponds to platy pebbles that are imbricated obliquely upcurrent

Asymetryezne koryto w zlepiencach kulmu z Lubomina, odstoniecie 878, 540 m na SW od Mrowicy, na poludnie
od Bogaczowic

a — koryto z materialem detrytycznym transportowanym ku obserwatorowi. P. C. — prad glcbi meandrowej, B. H. C. = prad dzia-
lajacy w obrebie lachy imecandrowej. Dalsze objadnicnia w tekscie;

b — diagram ilustrujacy ulozenie otoczak6w w ciasno upakowanym zwirze (lokalizacja miejsca pomiaréw na fig. 23a¢). Gléwne maksimum
(195/25°, 22 %) odpowiada sko$nej, podpradowej imbrykacji. Diagram uwidacznia réwnieZ, ze czes8¢ otoczakéw plaskich jedynie wyédciela
koryto i nle wykazuje imbrykacji;

¢ — diagram ilustrujgcy ulozenie otoczak6w w ciasno upakowanym zwirze dennej partii koryta (lokalizacja miejsca pomiarow na fig. 23a).
Glowne maksimum (145/25°) odpowiada otoczakom zapadajgcym dokladnie pod prad i wskazuje na paleoprad w kierunku 325°, a wige
réwnolegle do osi koryta. Drugorzedno maksimum (205/30°) odpowiada otoczakom wykazujacym skoéna, podpradows imbrykacje
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confirm the hypothesis. If the assumption is
correct, such fine deposits lining outer eroded
banks reflect some bankful discharges earlier
than those responsible for the final infilling
of the channels containing them.

Figure 24 demonstrates pebble fabric in
an asymmetrical channel at least several meters
wide and up to a meter deep. In the field,
only the eastern portion of the channel is to be
seen showing tightly packed pebble conglome-
rate bounded from an adjacent sandy gravel
by the steep concave surface of erosion dipping
to 235/65°. The prominent maximum in the
diagram (I = 269%, at an azimuth of 280/55°)
corresponds to platy pebbles, which apparently
dip obliquely upcurrent. While two secondary
maxima (2 =129, at an azimuth of 240/35°
and 3 =89% at an azimuth of 240/60°) cor-
respond to platy pebbles that only floor the
steep channel bank lying parallel to its concave
surface. These pebbles, in spite of being inclined,
are not imbricated. Such pebbles ean, of course,
be useful in reconstructing the strike and dip
of eroded outer banks.

On the basis of pebble arrangement and litho-
logical variation within the exposed portion of
the channel in question, it is reasonable to
classify it into high-sinuosity ones. Also the
resultant paleoflow of 145° is postulated. Con-
sequently, the conglomerate considered is
regarded as a pool gravel.

At least three successive asymmetrical chan-
nels are easily recognizable in a section illustra-
ted in figure 254 (see also pl. IT and III). Of
these two exhibit a characteristic internal dif-
ferentiation in grain size, sorting, and structure
with cross-stratified deposits at their gentler
(convex) sides and coarser, but more tightly
packed conglomerates at their steeper (concave)
banks. The characteristics allows the present
writer to regard these channels as high-sinuosity
ones. Such an interpretation seems to be con-
firmed by measurements of pebble fabric, cross-
-stratification, and channel trends. The majority
of channels investigated in the outcrop typically
trend nearly south —north, or south east—
—north west (fig. 26).

Fabric diagram, figure 25b, demonstrates
platy pebbles to dip obliquely upcurrent.
Consequently, in the channel labelled II, the
conglomerate adjoining the right concave bank
is interpreted as a pool gravel. This channel was

certainly infilled owing to several successive
episodes at least two of which are easily rec-
ognizable from the drawing. It is believed that
an irregular block of redeposited fine material
(shown in black) as well as a log of Lepidoden-
dron (L) both belong to the earlier depositional
episode. Cross-strata at the left convex bank dip
to 55 —90/15 —25°. These are thought to repre-
sent the bar platform and, possibly, also part
of the supra-platform bar sediments. Here
a generally northerly paleoflow is postulated.

In the channel labelled III, on the other
hand, the obliquely imbricated pool gravels
dip to 330/20 —50° and the cross-stratified
point bar deposits dip to 100 —115/20 —30° thus
indicating a southerly paleoflow. A peculiar
feature in the channel in question is a layer
of sandstone lining the steep concave bank.
The origin of similar deposits is discussed briefly
above.

Fabric diagram, figure 25¢, illustrates imbri-
cation in what was possibly a central portion
of the asymmetrical channel I. Here platy
pebbles dip generally to the south indicating
a northerly paleoflow, similarly as in the
channel II. There is a weak secondary maxi-
mum (labelled L), which may correspond
to the oblique upcurrent imbrication at the
left or convex bank, or near the pool/bar
platform junction. The mean channel trend is
nearly south-north.

Fabric diagram, figure 25d, refers to the
same layer of gravel, but stratigraphically
higher in the profile. The prominent maximum
in the diagram (L) corresponds to platy pebbles
that most likely are imbricated obliquely
upecurrent in the left side portion of the chan-
nel I. Secondary maxima correspond to the nor-
mal upcurrent imbrication (M) and the oblique
upcurrent imbrication near the right convex
bank (R).

The last diagram, figure 25e¢, shows pebble
fabric in a bed of gravel seen in the outerop
in a section roughly perpendicular to the mean
paleocurrent of about 10°. Even on a short
distance seen in the field and illustrated in
figure 25a, the azimuths of dip of platy pebbles
change consequently from 240/40° on the
left to 190/45° on the right, near the erosional
end of the gravel bed. This is expressed in the
diagram by two maxima (M and R), which
are interpreted as an upcurrent imbrication
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Fig. 27
Channel-fill and bar conglomerates and sandstones, Lubomin Formation, outerop no. 2198, 425 m west-west-south of Sas M¢., 515.4 m

@ — outcrop view: I — sandy granule-pebble conglomerate displaying foreset cross-stratification; 2 — sandy granule-pebble conglomerate, homogeneous; 3 — pebble conglomerate and sandy pebble conglomerate, imbricated; 4 — sandy granule conglomerate with scat-
tered pebbles, or conglomeratic sandstone, trough cross-stratified; 5§ — pebble-cobble pavements, commonly imbricated; 6 — logs of Lepidodendron and Asterocalamites; 7 — lumps, pebbles, and blocks of redeposited topstratum (%) deposits; 8 — distinct boundary; $ — in-
distinct boundary; 10 — very indisfinct boundary. See text for more information;

b — pebble fabric in conglomerate adjoining the steep concave bank of tfie channel shown in figure 27a. Here the concave bank dips to 175 —195/45 —50° and the channel trends nearly west-east. Prominent maximum in the diagram corresponds to platy pebbles that only
floor the steep eroded bank: these are in fact not imbricated. Secondary maximum of 215/55° corresponds to pebbles imbricated obliquely upcurrent. An easterly paleoflow is indicated;

¢ — interpretation of bed labelled I in figure 27a (shown in plan)., See téxt for explanation;

d — collective diagram showing paleocurrents in the outecrop jllustrated 1n figurze 27a: I — crossbedding; 2 — pebble imbrication; 3 — logs. Channel trends are shown by lines at the diagram circumference and arcs refer to steep concave banks of alluvial channels. See text
for explanation

Osady korytowe i utwory lach w zlepiericach i piaskowcach kulmu lubomidskiego, odstoniecie 2198, 425 m na WWS od Sasa (515,4 m)

a — widok odslonigeia: I — piaszezyste zleplerice drobnoziarniste o uwarstwieniu skosnym typu deltowego; 2 — zlepienice jak wyzej, jednorodne; 3 — zlepierice drobnoziarniste, zimbrykowane; 4 — piaszczyste zlepience dirobnoziarniste z pojedynczymi wigkezymi otooza-

kami i zlepieicowate piaskowce o warstwowaniu skosfnym nieckowatym; 5 — bruki korytowe, cz¢sto zimbrykowane; 6 —~ pnie lepidodendronéw i kalamitéw; 7 ~ fragmenty i bloki osadéw réwni zalewowej (3); 8 ~ granica wyradina; 9 — granica niewyrazna; 160 — granica bardzo
niewyrazna. Dalsze objasnienia w tekscie;

b — uloZenie otoczakéw w Zwirach lezacych przy stromym, wklestym brzegu koryta przedstawionego na figarze 27a. Stromy, wklesly brzeg zapada w kierunku 175 —195/45 —55°, a koryto przebiega prawie dokladnie w kierunku wschéd-zach6éd. Gléwne maksimum odpowiada
otoczakom plaskim wyscielajacym stroms, powierzchnig koryta. Otoczaki te de facto nie sg zimbrykowane. Drugorzedne maksimum odpowiada otoczakom plaskim zapadajgcym skosnie pod prad (215/55°). Paleoprad byl ku wschodowi;
¢ — interpretacja lawicy oznaczonej na figurze 27a symbolem I. Dalsze objaénienia w tekscie;

& — zbiorczy diagram ilustrujacy paleoprady w odsloni¢ciu przedstawionym na figurze 27a4: I — warstwowanie skosne; 2 ~ imbrykacja otoczakéw plaskich; 3 — pnie. Kierunki koryt zaznaczone kreskami przy obwodzie diagramu. Luki odnoszg sig do stromych, wklestych
brzegdw koryt. Dalsze objaénienia w tekscle
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(M) and the oblique upcurrent imbrication
(R). The arrangement of platy pebbles is
therefore thought to be bank-affected. Thus
the conglomerate is interpreted as a channel-
-fill gravel laid down in a channel (or scour)
trending nearly south-north.

All the directional data gathered from the
illustrated portion of the exposure are plotted
in figure 26. The scatter in imbrication meas-

Fig. 26
Paleocurrents in the outerop no. 978, for location see
figure 25a

1 — imbrication, platy pebbles; 2 — crossbedding; J — logs.
Channel trends shown by lines at the diagram circumference

Paleoprady w odslonieciu 978 (lokalizacja na fig. 25a)

1 — imbrykacja plaskich otoczakéw; 2 — warstwowanie skofne;
3 — pnie. Kierunki koryt przedstawione jako linie na obwodzie
diagramu

urements is believed to be interpretable in terms
of the bank-effect in sinuous- and straight
channels. One may suppose, however, that the
measurements grouped in a sector limited by
the majority of channel trennds are likely to re-
present the normal upcurrent imbrication, while
those outside this sector may correspond to
the oblique upcurrent imbrication. It is also
noteworthy that the majority of crossbedding
measurements cluster roughly at right angles
to the mean channel trend. This angular devi-
ation is, however, easy to interpret in the light
of data published by Ore (1963). It is also

evident from the diagram that the scatter in
pebble fabric measurements is higher than
that for channel trends.

Typical of the outcrop considered is also
the herringbone imbricated pattern an example
of which is well seen in the left side of the drawing
(fig. 25).

Illustared in figure 274 are mutual rela-
tionships of symmetrical and asymmetrical chan-
nels and deposits infilling them (see also pl. IV).
The erosional and depositional history of the
deposits in question is easy to reconstruct from
the drawing. Features seen in the lower half
of the section are believed to represent deposits
accumulated in asymmetrical high-sinuosity
channels. Gravels cropping out near the steep
eroded banks of these channels are as a rule
imbricated obliquely upcurrent (fig. 27b) and
are interpreted here as pool gravels. Point-bar
deposits, on the other hand, are only hardly
recognizable (if ever) being largely destroyed
owing to channel migrations.

In gravel-dominated beds, the arrangement
of platy pebbles as a rule displays distinet
bank effects. This allowed the present writer
to reconstruct some original bars and channels
an example of which is shown in figure 27c.
A bar-and channel topography reconstructed
in the drawing in plan refers to the conglomerate
bed labelled I (fig. 27a). In its left portion,
the conglomerate is somewhar finer and rela-
tively sandy. Here platy pebbles dip to 155 —
160/30 —60° i.e., obliquely upcurrent (fig. 27¢).
The conglomerate adjoining the outer bank
contains a number of pebble-sized lumps of
fine redeposited material. Away from the bank,
the dip direction of platy pebbles changes
progressively and at the station 3.7 m the
conglomerate becomes coarser and more tightly
packed. Here platy pebbles dip to 110/45°
and further southwards purely easterly dips
were noted (90/40 —50°). A long of Lepidoden-
dron seen at the station 7.2 m (fig. 27¢ and a)
dips also to the east (90/35°).

The closely packed pebble-cobble gravel
(between stations 3.7 and 7.2 m) is interpreted
as a longitudinal bar, or strictly speaking is
thought to represent its coarser bottom portion
(or nucleus). Northwards, the bar gravel pass-
es imperceptibly into more sandier and finer
conglomerate, which is interpreted as a chan-
nel-fill deposit. This accumulated, it is surmised,
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in a low-sinuosity channel bypassing the braid
bar from the north. Here the original stream
flowed to the west (fig. 27¢).

Directional data gathered from the whole
outcrop in question are plotted in figure
27d. It is clear from the diagram that the
majority of channels trended east—west, or
south east —north west. Paleoflows, however,
were both from the south —east and from the
opposite direction. The scatter in pebble dip
directions is partly attributable to the bank

Fig. 28
Channel-fill deposits in the Middle Visean conglomerates,
outcrop no. 978, 1875 m south of the church in Boga-
czowice

a — outcrop view. See text for more information; b — fabric
diagram for pebble conglomerate of bed 5 (see fig. 28a for location).
Explanation in the text

Osady korytowe w zlepieficach srodkowego wizenu,
odsloniecie 978, 1875 m na S od kosciola w Bogaczo-
wicach

a — widok odsloniecia. Dalsze objasnienia w tekdcie; b — diagram
ilustrujacy ulozenie otoczakéw w lawicy 4 (lokalizacja na fig. 28a).
Objasnienia w tekscie

effect and the dispersion of cross-bedding
readings can be at least in part explained in
terms of trough cross-stratification geometry.

Sandstones and conglomeratic sandstones
seen in the lower portion of the exposure
(fig. 27a) generally display trough crooss-stratif-
ication. While those constituting the two up-
permost beds exhibit foreset cross-stratification.
The former are attributable to dunes or similar
bedforms, whereas the latter are recognized as
transverse bars. Foreset strata meet the lower,
erosional bounding surface asymptotically or
semi-tangentially (toeset). In some places,
the toeset overlies an imbricated channel
pavement the platy pebbles of which dip not
uncommonly in a nearly opposite direction
compared to foresets. According to Ore (1963)
similar modern transverse bars originate owing
to relatively long-lasting periods of high-stage
discharge.

It is very likely that fossil counterparts of
the meander-plug gravels do occur in the Kulm
conglomerates. To this category belong, it is
surmised, two gravel accumulations (beds 4
and 5) illustrated in figure 28a. Both the beds
comprise relatively tightly packed pebble con-
glomerate. On the basis of channel geometry
and internal differentiation in grain size, sor-
ting, and structure, these gravels are inter-
preted as accumulated in high-sinuosity chan-
nels, It is evident from fabric diagram (bed I,
fig. 28b) that the majority of platy pebbles
dip obliquely upcurrent; this is also the case
in bed 4. Moreover, in the diagram considered,
there are also ill-defined secondary maxima
of pebbles lying parallel to the outer cut bank
and simply lining it. These pebbles are, in fact,
not imbricated. The two logs of Lepidodendron
seen in bed 5 (fig. 28a) dip obliquely upcurrent,
too.

The conglomerates of beds 4 and 6 differ
from ordinary pool gravels in that they occupy
more than a half (or even three-fourths)
original channel width. The characteristics,
together with tight packing of the gravel, and
oblique upcurrent imbrication displaying but
a little variation in pebble dip azimuths through-
out the gravel accumulations all seem to
indicate that the conglomerates in question
did originate as gravelly infillings in degenerating
meanders (or pseudomeanders, see discussion).

A method involving an integrated investi-
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gation of pebble fabric, crossbedding, traces
of channels, and fossil bar features is here
postulated as a useful tool in studying monot-
onous and apparently “featureless” gravels
and gravelly sands of fluviatile origin. For
paleogeographic purposes one may construct col-
lective petrofabric diagrams. However, included
in such diagrams should be only those readings
made in deposits of known origin and geometry.
From the environmental point of view, on the
other hand, drawings, photographs, and system-
atic measurements of various directional
structures are the most significant field data.
Several examples of such drawings and diag-
rams are exemplified in figure 25 —27 and 29.
The last figure illustrates crossbedded gravelly
sandstone and “massive” pebble conglomerate
as seen in the field (fig. 29a). The section is
interpreted by wusing the combined method
and the result is shown diagrammatically
in figure 29b. Conglomeratic sandstones seen
in the lower half of the drawing (fig. 29b)
are generally trough ecross-stratified deposits,
while pebble conglomerates overlying them
are mostly channel-fill imbricated gravels. Here,
in the mid-channel areas, platy pebbles dip
generally directly into the paleocurrent (i.e., to
the south, away from the viewer), while ob-
liquely upecurrent dips were noted elsewhere.
Consequently, a general northerly paleoflow is
indicated (towards the observer). Also seen
in some beds is so-called “herringbone imbri-

cated pattern”. The deposits in question (as
well as those illustrated in fig. 25 and 27)
are interpreted as typically braided in origin
(comp. Doeglas 1962 ; Ore 1963).

Field investigations by the present writer
part of which is discussed briefly abowe result
in a low-sinuosity model II (fig. 30). This
model includes also some high-sinuosity chan-
nels believed to be integral elements of a gener-
ally low-sinuosity braided pattern.

Coming back to the asymmetrical Kulm
channels and their deposits it is worthy of
mention here that similar fluvial deposits were
already reported by Doeglas (1962, fig. 22),
Nordin (1964), Simons ¢t al. (1965, fig. 14 —15),
Gradzinski (1970, fig. 16), Teisseyre (1975,
fig. 31) and others from asymmetrical scours,
erosional hollows, plunge pools, and trans-
verse channels subjected to a lateral infilling
by gravels, mud fragments, and sands. However,
descriptions by the authors cited clearly demon-
strate that the deposits of erosional hollows do
differ fundamentally in texture, structure, and
origin from those described above by the writer
from the asymmetrical Kulm channels. It also
seems that in the field the two kinds of de-
posits can be relatively easily recognized from
one another by using simple textural, structural,
and directional -criteria including a careful
analysis of pebble fabric and another directional
data.

Fig. 30
Pebble fabric in a pebbly braided stream: a model (II)

Diagrammatically shown are eight possible fabric diagrams (small circles, upper hemisphere). Each diagram illustrates fabric of platy pebbles
in a separate portion of the channel (rimmed). Therc arc also two generalized diagrams for low- and high-sinuosity reaches. Black arrows
in the diagrams indicate mean channel trend. Explanation to letter symbols: M — mid-channel ,normal upcurrent imbrication (platy pebbles
dip directly into the orienting current); II — horizontally lying pebbles; R — oblique¢ upcurrent imbrication in the right side portion of
the channel; L — oblique upcurrent imbrication in the left side portion of the channel; F — pebbles that only floor (parallel) the steep,
outer croded bank. These pebbles, being inclined, are in fact not imbricated; P — pseudoimbrication (platy pebbles parallel foresets); C —
crossbedding in the transverse bar. Note that the fabric diagram for the longitudinal bar differs from the general low-sinuosity one in having
its secondary maxima L and R in an opposite position

Orientacja otoczakéw w zwirowej roztoce: model (II)
Rysunek ilustruje schematycznic osiem mozliwych diagraméw ulozenia otoczakéw plaskich (male diagramy, gérna pélkula). Xazdy z dia-
gramo6w odnosi si¢ do innej czeéci koryta (obwiedzionej czarna ramka). Dwa duze diagramy przedstawiaja uogélnione diagramy ulozenia
otoczakéw w prostych i kretych odcinkach koryt. Czarne strzalki na diagramach oznaczajg $redni kierunek koryt. Objasnienia symboli
literowych: M — normalna, podpradowa imbrykacja w érodkowej partii koryta (otoczaki plaskie zapadaja wprost pod prad); H — otoczaki
plaskie lezgce poziomo; B — sko$na, podpradowa imbrykacja w prawej bocznej partii koryta; L — sko$na podpradowa imbrykacja w lewej
boecznej partii koryta; ' — otoczaki, ktére wydcielajg stromy, zewnetrzny, erodowany brzeg i ukladaja, si¢ rownolegle do niego. Otoczaki te,
mimo Ze sa nachylone, nie sa zimbrykowane; P — pseudoimbrykacja; ¢ — warstwowanie skosne w lachach poprzecznych. W zwirach wy-
kazujacych pseudoimbrykacje otoczaki plaskie leza réwnolegle do warstw odpradowych warstwowania sko$nego. Diagram ilustrujacy ulo-
Zenie otoczakéw w podluznej tasze (longitudinal bar) r6zni si¢ od ogélnego diagramu dla prostych odeinkéw koryta odmiennym usytuowanicm
submaksim6w L i It. Znakami biegu i upadu zaznaczono kierunki zapadu powierzchni AB otoczak6w plaskich. Na rysunku pokazano odeinck
o malej kretosci (low-sinuosity reach), odcinek krety (high-sinuosity reach), niezaroénigtq wyspe zwirows (bare pebbly island), wyspg utrwa-
lona przez roslinnos¢ (vegetated island), lache poprzeczng (transverse bar), lache meandrows (point bar), oraz lache podtuzna (longitudinal
bar)

— Geologia Sudetica
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DISCUSSION OF RESULTS AND CONCLUSIONS

Paleogeographic implications. Unlike
many traditional studies the writer’s mvesti-
gations concerned primarily the orientation
of the AB planes of platy pebbles including
disc-shaped and triaxial ones. This was justi-
fied by a long known fact that platy pebbles
are generally more abundant in fluvial gravels
than rod-shaped ones and this is certainly the
case in the Intrasudetic Kulm. Moreover, pre-
vious investigations by the author demonstrated
that the orientation of rod-shaped pebbles
in the Kulm conglomerates at least is variable
and suggests no simple relation to the orienting
current (Teisseyre 1968; 1975).

The field evidence discussed above sug-
gests that channel-phase sediments of low-
-sinuosity streams tend to accrete within
symmetrical or slightly asymmetrical channels
and that the deposits display but a little
(if ever) internal differentiation in both
texture and structure. Gravels that floor (and
fill) such channels are generally imbricated
upeurrent in the central portion of the features,
while those resting near the channel banks
tend to dip obliquely upcurrent. Furthermore,
platy pebbles resting in the right side portions
of such channels are characteristically turned
clockwise and those lying in the left side por-
tion — counterclockwise with respect to peb-
bles flooring the central portion of the channel.

Deposits of high-sinuosity streams, on the
other hand, tend to be accumulated in asym-
metrical channels, in which one may distinguish
at least two apparently distinct phases including
a crossbedded point-bar deposit and pool gravel.
The pool gravel is generally imbricated ob-
liquely upcurrent and there may be also a secon-
dary population of pebbles dipping directly
upcurrent in the deepest portion of the pool.

Generally the orientation of platy pebbles in
pool gravels of asymmetrical channels is much
more capricious than in symmetrical ones.
This may be at least in part explained by the
fact that the channel bands and meander
loops are commonly areas of a considerable
differentiation in flow conditions and regime
and not uncommonly also areas of flow sepa-
ration.

If the arrangement of platy pebbles depends
on (and reflects) both the channel sinuosity

and the position of a gravel within an original
channel, it is thus possible to use pebble fabric
measurements in reconstructing of ancient
alluvial channels and bar features in apparently
“massive”, or “featureless” gravels. Moreover,
pebble fabric may sometimes help in recog-
nizing of low and high-sinuosity stream alluvia,
too. Here I may quote Ore (1963, p. 14) who,
concerning similar problems, postulated that:
“Statistical dispersion characteristics of pebble
imbrication and cross-stratification directions,
when compared with those for other environ-
ments, may provide criteria for recognition
of the deposits”. ... “Furthermore, paleostream
direction can be estimated by relations discov-
ered between pebble imbrication and cross-
-stratification directions and downstream direc-
tion in modern streams?”.

It has been demonstrated by the writer
that one-maximum high-concentration diagrams
are typical, among other things, of channel
lag conglomerates, or imbricated bar pavements,
in which platy pebbles dip generally directly
into the orienting current (fig. 30). Three-
-maximum low-concentration diagrams may
represent channel-fill gravels (or mid-channel
bar conglomerates) provided that the section
measured is roughly perpendicular to the
channel (or bar) trend and wide enough to
cover representative portions of the features®.
Furthermore, two-maximum low-concentration
diagrams may be indicative of pool gravels
of high-sinuosity reaches. It is, however, easy
to demonstrate that some if not all of these
diagram patterns may be found in gravels
laid down under quite different environments
as well.

This leads to the conclusion that fabric
diagram patterns alone provide neither reason-

& In spite of Wadell (1936), who investigated his
gravels in sections essentially parallel to the paleo-
current direction, the present writer would stress that
theoretically any gravel body should be examined in
both parallel- and perpendicular sections. However,
it may be easily demonstrated that the character of
a gravel body is best recognizable in a perpendicular
section and that short longitudinal sections are as a rule
useless in detailed sedimentological investigations.
Consequently, in the case of poor exposure, or if the
time of investigation is limited, the geologist should
preferably choose and examine perpendicular sections,
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able nor sufficient critiera for any environ-
mental interpretation to be made. Further-
more, it may be concluded from this study
that pebble fabric diagrams should not be clas-
sified and interpreted in terms of the diagram
symmetry — as it was sometimes made — but
they certainly ought to be analysed and ex-
plained in terms of symmetry of the original
depositional milieu including each channel-
-and-bar topography and flow pattern. Such
an integrated analysis should involve as many
directional data as it is possible and can be
realized in several ways, for example, by using
collective petrofabric diagrams.

It is also evident from the fabric diagrams
discussed above that not uncommonly are
current directions suggested by prominent
maxima, or by a bisectrix of two or three maxi-
ma, deviated significantly from a real paleo-
flow. Not unfrequently are these two directions
90° apart. These deviations, caused by and
explainable in terms of both the bank effect
and the channel sinuosity, mean that independ-
ent pebble fabric measurements in environ-
mentally unrecognized gravels may lead to
serious paleogeographic misinterpretations and
should be therefore eliminated from the geol-
ogic practice. If so, any paleogeographic
interpretation of pebble fabric needs informa-
tion about the depositional environment (al-
luvial-fan gravel, fluvial channel-fill conglom-
erate, or bar:top gravel, for instance), the
type and geometry of a deposit (sheet like
accumulation, channel pavement, meander-pool
gravel; symmetrical-, or asymmetrical channel,
for instance), and the position of a given gravel
studied with respect to a main thalweg and
flow pattern (axial or side portion of a channel,
or bar, for example). Certainly much of this
information is relatively easy to obtain for the
experienced geologists.

Some paleogeographic misconeeptions may
also result from the non-recognition, or misin-
terpretation of two types of pebble arrangement
described above as the herringbone imbricated
pattern and the meander-plug gravel. In both
the cases platy pebbles are imbricated ob-
liquely upeurrent, or arranged nearly parallel
to a real paleoflow. The phenomenon is here
explained in terms of the bank-effect in shift-
ing, low-sinuosity aggrading streams (“herring-
bone imbricated pattern”) and in terms of

either the bank-effect and the channel sinuosity
(“meander-plug gravel”). The non-recognition
of the herringbone imbricated pattern can result
in two- or there-maximum low-coneentration
diagrams. Thus it is very likely that at least
some of fabric diagrams already published
by the writer (Teisseyre 1968; fig. 25) belong
to this category (so-called “rhombic diagram
pattern”, see also Dziedzic 1964).

The non-recognition of the meander-plug
gravel, on the other hand, will result in trans-
port directions that will be at an angle to (or
even 90° apart) a real paleoflow. It seems to be
clear from the present writer’s observations
that the meander-plug gravels reflect a rela-
tively rapid change from a meandering to low-
-sinuosity (braider, or straight) channel pattern,
the change being conditioned by a local rise
in base level.

It has been also found by the writer that in
some pool gravels platy pebbles rest parallel
to the outer, eroded steep bank. Such pebbles,
being inelined, are not imbricated and their po-
sition can be at most used in reconstructing an
original channel direction. These pebbles, how-
ewer, are commonly very steeply inclined.
This observation clearly demonstrates that the
angle of inclination of the AB planes of platy
pebbles cannot be regarded as a sufficient
criterion in looking for sections optimal for
paleocarrent determinations (comp. Sedimentary
Petrology Seminar, 1965, p. 281 —282). Again
it should be stressed that the position of a gravel
studied within an original channel, or bar feature
and not the angle of inclination is the most fun-
damental information in studying pebble fabric
in ancient alluvial deposits.

To summarize, I am intended to stress
the importance of the effects exerted by both
the stream banks and channel bands on the
arrangement of platy pebbles in alluvial chan-
nels and thus the general importance of the
problem in studying pebble fabric and paleo-
currents.

Environmental implications. It may
be reasonably concluded from the sections
illustrated and described above that both
low- and high-sinuosity channels and their
deposits do occur side-by-side in the same
alluvial association (the draining river associa-
tion). All the deposits discussed in this paper
show features distinctive of braided stream



44 AND Z J EAROL TEISSEYRE

alluvia and all are dominated by channel-
phase sediments laid down in low-sinuosity
channels. These channels distinguish themselves
in having a supposedly steep slope and possibly
a variable discharge, unstable banks of non-
cohesive coarse materials, a generally high
width/depth ratio, and generally coarse bed
material. All these features favor braiding and
suggest that supercritical mobile-bed flows were
indeed amongst the main depositional agents
responsible for the accumulation of the Kulm,

It is worthy of mention here that almost all
the sections studied reveal individual or grouped
sedimentation units originated in asymmetrical
high-sinuosity channels. These are thought
to represent the case of an internal meandering
in a generally braided stream pattern. In fact,
high-sinuosity reaches are not uncommon wit-
hin many modern braided stream systems
(Leopold, Wolman 1957; Krigstrom 1962; Ore
1963, Klimek 1965; Rust 1972; and others).
Concerning this question Leopold and Wolman
(1957, p. 73) pointed out that: “This conception
fits the observations that a given channel
can change in a short distance from a braid
to a meander or vice versa, that the divided
channels of a braid may meander, and that
a meandering tributary may join a braided
master stream. Such changes in a given channel
or such different channels in juxtaposition
can be attributed to variations in locally
independent factors”.

Another problem that requires a brief dis-
cussion is whether a supercritical mobile-bed
flow can really meander? Can the process be
simply termed meandering? It is clear from
both the experimental and field investigations
by Wolman and Brush (1961), Hickin (1969)
and others that under some conditions super-
critical flows can develop high-sinuosity chan
nels, or pseudomeanders. According to
Wolman and Brush (1961) the process of pseudo-
meandering is associated with nearly ecritical,
or supercritical flows and, in so being, is not
at all related to the common process of mean-
dering. As it may be deduced from literature,
pseudomeandering requires unstable nonco-
hesive bank materials and reflects channel
instability. According to Hickin (1969), in
a flume river pseudomeanders develop in five
stages. Of these four are progressive stages
giving 1ise to the formation of a high-sinuosity,

or pseudomeandering channel containing pe-
culiar bars termed by Hickin “point dunes”.
In the last stage point dunes degenerate
“into a multichannel system of braids” (op.
cit., p. 1001) in a consequence of dissection
of the dunes by shallow channels.

It seems to be very likely that at least some
of the high-sinuosity Kulm channels represent
the case of pseudomeandering and that fossil
counterparts of point dunes may be expected
among them, too. However, the identification
of point dunes is somewhat hampered by the
paucity of published information concerning
their structure, size, and composition. If point
dunes are really accumulated under conditions
of supercritical flow it is reasonable to suppose
that they cannot be simply crossbedded em-
bankments of well sorted sand® Features re-
vealed by the high-sinuosity Kulm channels,
on the other hand, suggest that these pseudo-
meanders were areas of a considerable lateral
differentiation in flow regime, that super-
critical flow conditions prevailed in the pool
portion of the channels, and that suberitical
flows dominated generally within the inner
portion of the pseudomeanders.

Thus the hypothesis of flow differentiation
offers also a good explanation of a common
coexistence of pebble pool gravels (upper
flow regime) with cross-stratified sandy point-
-bar deposits (lower flow regime). It also seems
that a similar flow differentiation may ac-
count for cross-stratified point dunes ascribed
by Hickin (op. cit.) to subcritical flows and
reported by him from some Australian streams.

Hickin (op. cit.) pointed out that point
dunes of subcritical-flow variety form at existing
channel banks. It is very likely that this mode
of formation was indeed realized in the Intra-
sudetic Kulm. Many of the high-sinuosity
channel-fill deposits described above reveal
crossbedded point-bar deposits with foresets

¢ Crossbedded embankments with foresets meeting
the lower boundary at an angle suggest deposition in
stilling basins, in which bottom reverse currents are
practically absent (or too weak to influence the bedding,
comp. Jopling 1963; 1965). It is rather doubtful whether
such conditions can be realized in channels conducting
a supereritical flow. An assumption that in point dune
areas supercritical flows are restricted to the top sur-
face of the dunes alone does not account for the gen-
eration of “torrential” crossbedding in the lee of the
dune crest.
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dipping generally downchannel; they are com-
posed of relatively fine and moderately well
sorted materials that are much finer and appar-
ently better sorted than underlying alluvia.
Also many of them appear to be relatively
stable features, or at least their lateral migra-
tion was rather limited; all these features
agree substantially with the Hickin’s point dunes
of subecritical-flow variety. The stability of the
Kulm channels suggested by the field data
seems to indicate that the channels in question
migrated generally by avulsion and not by
a long-lasting lateral migration — a phenome-
non typical of braided stream systems (Ore
1963).

In the Intrasudetic Kulm, there occur also
deposits of “normal”, bed-load meandering
rivers. The best example known to the writer
is perhaps a fine-grained member exposed in
an old quarry west of Kamienna Géra. The
member distinguishes itself by the predomi-
nance of fine-grained topstratum sediments
over channel-phase coarse-grained ones, a much
lower width/depth ratio of deeply entrenched
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U-shaped channels, and by laterally continuous
sedimentary units of relatively the same
thickness. These deposits accumulated in the
proximity of the Upper Visean sea (possibly
they were laid down some kilometers land-
ward from the sea side). Further upwalley,
on the other hand, they give way to typical
braided river sediments (comp. Moody-Stuart
1966).

Another expression of proximal/distal rela-
tionships is a ratio of foreset cross-stratification
to trough cross-stratification (Ore 1963). Al-
though no computations are made by the writer,
it is clear that trough -cross-stratification is
much more common in the southern portion
of the basin and foreset cross-stratification
predominates in the north-eastern portion,
which means that the ratio increases northwards,
or downwalley. According to Ore (1963) this
suggests that aggradation prevails in the prox-
imal portion of the basin, while reworking
of previously deposited sediments increases in
importance downbasin.
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ULOZENIE OTOCZAKOW W OSADACH ROZTOK
na przykladzie koryt wspdiczesnych i kopalnych koryt karbonskich
(niecka $rédsudecka, Sudety Srodkowe)

Streszczenie

Praca niniejsza dotyczy metod i interpretacji
pomiaré6w ulozenia otoczakéw w zlepieiicach i niekto-
rych wspoélezesnych zwirach rzecznych. Material ob-
serwacyjny pochodzi zasadniczo z niecki érédsudeckiej
(Sudety Srodkowe), gdzie badane byly gtéwnie rzeczne
osady srodkowej czedci dawnego basenu kulmowego,
jak réwniez niektére wspoélczesne rzeki niosace Zwir.
Ulozenie otoczakéw bylo badane przede wszystkim
w kopalnych korytach i lachach dawnych rzek. Sy-
stematycznymi pomiarami autor objal jedynie ulozenie
otoczakéw plaskich, mierzac azymuty zapadu powierz-
chni najwiekszego przekroju tych otoczakéw. Pomiary
orientacji otoczakéw byly z zasady polaczone ze szcze-
gétowymi obserwacjami sedymentologicznymi nad osa-
dami otaczajacymi badane zZwiry. Zebrany material
obserwacyjny wskazuje ponad wszelkg watpliwodé,
ze kierunki przeplywdéw, sugerowanych przez gléwne
maksima na diagramach orientacji otoczakéw, sa
czesto odchylone o pewien kat (niekiedy nawet réwny
katowi prostemu) od rzeczywistych kierunkéw trans-
portu materialu detrytycznego i Ze niektoére otoczaki,
mimo swego nachylenia nie 83 w rzeczywistosci zimbry-
kowane. Co wiecej na wielu diagramach o dwu lub
trzech maksimach dwusieczne katéw miedzy tymi mak-
simami sa w sposéb istotny odchylone od rzeczywistych
paleopradow.

W badanych zwirach kulmowych mozna wyrdznié
co najmniej osiem réznych typéw ulozenia otoczakdéw
plaskich. Zostalo stwierdzone, ze zréznicowanie to
odzwierciedla zaréwno kreto$§é koryt aluwialnych,
w ktérych osadzily sie badane zwiry, jak réwniez
pozycje badanego Zwiru wzgledem osi i brzegéw koryta.
Innymi stowy, ulozenie zwiréw w korytach aluwialnych
jest zjawiskiem kontrolowanym — miedzy innymi —
przez wplyw brzegéw koryta. Ta dawno juz rozpoznana,
lecz weciaz niedoceniana, prawidlowodé oznacza, ze
badania ulozenia otoczakéw moga byé pomocne w roz-

poznawaniu i rekonstruowaniu w pozornie jedno-
rodnych zwirach dawnych koryt i tach. W niektérych
przypadkach badania te moga byé takze uzyteczne
przy odréznianiu zwiréw rzek o duzej i malej kretosei.
Wynika stad wniosek, ze poprawna interpretacja dia-
graméw ulozenia otoczakéw wymaga znajomosci geo-
metrii koryt i polozenia badanego zwiru wzgledem brze-
gbéw pierwotnych koryt i lach. Latwo mozna bowiem
wykazaé, ze pomiary ulozenia otoczakéw nie poparte
innymi obserwacjami sedymentologicznymi mogs pro-
wadzié do powaznych bledéw paleogeograficznych i po-
winny byé wyeliminowane z praktyki geologicznej.
Z drugiej strony jedynie kompleksowe badania sedy-
mentologiczne moga stworzyé odpowiednie podstawy
do interpretacji diagraméw ulozenia otoczakéw. Ina-
czej méwiac, diagramy te nie powinny byé interpreto-
wane 1 klasyfikowane w kategoriach ,symetrii diagra-
mu”, lecz powinny byé analizowane na tle pierwotnego
frodowiska sedymentacyjnego, ktérego rozpoznanie
wymaga zrekonstruowania pierwotnej topografii daw-
nych korytilach oraz odtworzenia geometrii 6wezesnych
pradow.

Staje si¢ tez coraz bardziej oczywiste, ze zZwiry
powstate w réznych warunkach érodowiskowych moga
dawaé identyczne typy diagraméw ulozenia otoczakéw.
W zwiazku z powyzszym, przy obecnym stanie wiedzy
przedwezesne i nieuzasadnione wydaje sie byé wniosko-
wanie o §rodowisku tworzenia si¢ jakiego§ zwiru wylacz-
nie na podstawie stwierdzonego w nim pewnego typu
ulozenia otoczakéw plaskich lub wydluzonych.

Niniejsza praca jest czefcig szczegdtowego studium
sedymentologicznego nad dolnym karbonem Sudetow;
dotyczy ona przede wszystkim kulmu niecki €réd-
sudeckiej. Wybér kulmu srédsudeckiego jako obiektu
szezegblowego studium nad ulozeniem otoczakéw
w kopalnych osadach aluwialnych byt podyktowany
duza miazszodcia rzecznych osadéw dolnego karbonu,
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gtosunkowo dobrym odstonieciem terenu oraz mozli-
woscig £ledzenia na tym obszarze stopniowych przejéé
od brzeznych osadéw stozkéw naplywowych do alu-
wiéw dna basenu (valley-floor alluvia). W obrebie
tych ostatnich stwierdzono uchwytne réznice miedzy
aluwiami brzeinymi, blizszymi obszarom gérskim,
a naplywami oddalonymi, skladanymi w wiekszej lub
mniejszej odlegloéci od O6wezesnego brzegu morza
(proximal-distal relationships). W zgodnoéci z powy:z-
szym, w kulmie fluwialnym niecki §rédsudeckiej mozna
wyréznié dwa gléwne zespoly osadowe: zespdl osadéw
stozkéw naptywowych (alluvial fan association) i zesp6l
naplywéw dennej partii basenu okreflony jako zespot
rzeki drenujacej (draining river association). Zagadnie-
nia te byly juz czedciowo poruszane przez autora
(Teisseyre 1966; 1973; 1975).

Osady rzeki drenujacej basen kulmowy zwigzane
83 z jakims$ karboriskim systemem rzecznym, prawdo-
podobnie o charakterze rzeki o zmiennym, calorocznym
przeplywie (perennial river). Osady tej rzeki nosza
cechy utwordéw roztokowyech, a miejscami maja takze
charakter naplyw6éw rzeki meandrujacej. W najogél-
niejszym ujecin omawiane w tej pracy kopalne osady
rzeezne mogg byé sklasyfikowane jako napltywy roztok,
ktore posiadaty odeinki lub wieksze zespoly koryt
meandrujacych. Udzial osadéw koryt meandrujacych
zmienial sie w czasie i w przestrzeni. Ogélnie mozna
stwierdzié¢, ze najbardziej typowe nanosy koryt mean-
drujacych spotyka sie w facjalnych odpowiednikach
osadéw morskich, polozonych w poblizu dawnych wy-
brzezy. Biorac pod uwage niewstpliwy fakt, ze linia
brzegowa O6wezesnego morza przesuwala sie prawdo-
podobnie kilkakrotnie w obrebie poélnocnej czedci
niecki &rédsudeckiej, stanie si¢ oczywiste, dlaczego
osady rzek meandrujacych wystepuja w wielu miejscach,
poczynajac od Szezawna-Zdroju az po okolice Kamien-
nej Géry na zachodzie (por. fig. 1).

OBSERWACJE TERENOWE,

W trakcie badan terenowych i opracowania ma-
teriatu autor postugiwal sie kilkoma specyficznymi ter-
minami, jak na przyklad ,pseudoimbrykacja” dla
oznaczenia ulozenia otoczakéw plaskich réwnolegle
do powierzehni warstw odpradowych warstwowania
skoénego (por. Dzulyniski 1963, fig. 9B). Terminy ,pra-
wy” i ,lewy brzeg” sa stosowane w ich konwencjonal-
nym znaczeniu w odniesieniu do tych koryt, w ktérych
kierunek przeptywu zostal ustalony. Terminéw ,imbry-
kacja izolowana” i ,imbrykacja kontaktowa” autor
uzywa za Lamingiem (1966), terminu , pebble cluster”
(skupienia zimbrykowanych otoczakéw) za Dal Cinem
(1968), a okredlenia ,openwork gravel” (zwir nie
wypelniony) w znaczeniu Davisa (1892). Przez ,nor-
malng podpradows imbrykacj¢” autor rozumie dachéw-
kowe ulozenia otoczakéw plaskich zapadajacych wprost
pod prad. Odwrotnie, termin ,skoéna podpradowa
imbrykacja” wskazuje, ze otoczaki ptaskie ukladaja sie
skoénie wzgledem Sredniego pradu i wzgledem brzegéw
koryta.

Jednym z powodéw podjecia szczegélowych badan
nad ulozeniem otoczakéw w zwirach rzeki drenujacej
basen kulmowy bylo stwierdzenie, ze pomiary imbry-
kacji wykonane w utworach korytowych wykazuja
wigkszy rozrzut niz pomiary osi koryt. Wynik ten byl
o tyle zaskakujacy, ze uprzednio na tym samym obsza-
rze stwierdzono wrecz przeciwne prawidlowoéei w od-
niesieniu do zwiréw stozkéw naplywowych. Jednakize
juz w czasie pomiaré6w terenowych mozna sie bylo
przekonaé, ze wspomniany wyzej duzy rozrzut pomiaréw
imbrykacji w zZwirach rzeki drenujacej jest przynaj-
mniej czesciowo spowodowany wplywem brzegéw na
ulozenie otoczakéw w korytach aluwialnych. Efekt ten
jest znany od bardzo dawna. Oryginalno$é niniejszej
pracy polega — zdaniem autora — na wykorzystaniu
zasady okreflajacej wplyw brzegéw koryta na ulozenie
otoczakéw w celu wypracowania metod wykonywania
pomiaréw ulozenia otoczakéw w kopalnych osadach
korytowych oraz sposobdéw interpretacji uzyskanych
diagraméw nie tylko w sensie paleogeograficznym
(kierunek transportu, czyli paleoprad), leez takze z pun-
ktu widzenia badan nad dawnym $rodowiskiem rzecz-
nym (rekonstrukeja pierwotnych form korytowych
oraz lach, odtwarzanie oryginalnych form dennych,
kierunku przeptywu i ustroju pradu, a takze charakteru
6wczesnych rzek). Metody podane nizej zostaly spraw-
dzone w terenie podczas sezonu letniego 1973 r. Uzupel-
niajace badania zostaly ponadto przeprowadzone nad
wspolezesnymi aluwiami zwirowymi takich rzek su-
deckich, jak Bébr, Lesk i Strzegomka, wlaczajac tu
takze niektére ich doplywy. Przy interpretacji i osta-
tecznym opracowaniu danych autor korzystal przede
wszystkim z prac i podrecznikéw Schlee (1957), Pot-
tera i Pettijohna (1963), Johanssona (1963), Sedimentary
Petrology Seminar (1965), Dzulynhskiego (1963), Gra-
dzinskiego (1973), Unruga (1957) i Dziedzica (1964).

METODY, TERMINOLOGIA

Terminologia dotyczaca zwirowych roztok i rzek
meandrujacych zostala przejeta gléwnie z prac Willia-
msa i Rusta (1969), McGowena i Garnera (1970),
Blucka (1971) i Rusta (1972).

Systematyczne badania terenowe dotyczyly wylacz-
nie ulozenia otoczakéw plaskich (otoczaki dyskoidalne
i plaskoelipsoidalne wedlug klasyfikacji Zingga). Jezeli
upady warstw przekraczalty 20°, pomiary terenowe
byly korygowane ze wzgledu na wychylenie tektoniczne.
Diagramy orientacji otoczakéw z reguly opieraja sie
na 50 pomiarach ulozenia osi C otoczakéw plaskich.
Na wszystkich diagramach zastosowano projekeje
goérnej polkuli.

Przez koryta o malej kretosci autor rozumie
takie koryta kopalne, ktére odznaczaja sie mniej
lub bardziej symetrycznym przekrojem poprzecznym
i wypelnione 8g osadem praktycznie niezréznicowanym
pod wzgledem strukturalnym i teksturalnym (bruki
korytowe nie sa tu brane pod uwage). Z drugiej strony,
przez koryta krete autor rozumie koryta kopalne



ULOZENIE OTOCZAKOW W OSADACH ROZTOK 49

o asymetrycznym przekroju poprzecznym, w ktérych
obserwuje si¢ dwie wyraznie odrebne ,fazy”, a miano-
wicie: sko$nie warstwowane osady lachy meandrowe;j
oraz zimbrykowane lub — rzadziej — chaotyczne Zwiry

glebii meandrowej. Kryterium symetrii przekroju po-
przecznego koryta nie jest tu decydujace (por. McGowen,
Garner 1970).

ULOZENIE OTOCZAKOW W ZWIRACH BOBRU

Zwiry koryta Bobru nadaja sie dobrze do studiéw
poréwnawezych nad ulozeniem otoczakéw w osadach
kulmowych, poniewaz wielkodé otoczakéw, wysorto-
wanie osadéw oraz rozmiary form korytowych i tach
8g zblizone do obserwowanych w zlepiencach dolnego
karbonu. Gléwne réznice dotycza zapewne wielkosci
i charakteru przeptywu i wynikaja z odmiennych wa-
runkéw klimatyeznych, a czedciowo sa spowodowane
dziatalnodcia czlowieka.

Jeden z dokladnie zbadanych odcinkéw jest przed-
stawiony na figurze 2. Szkic ten ilustruje fragment jed-
nego z meandréw Bobru wraz z ujsciowym odcinkiem
Lesku. Tutaj w wyniku powodzi w sierpniu 1971 r.
powstala charakterystyczna, zwirowa lacha ujsciowa
(mouth bar, fig. 3). Po powodzi w sierpniu 1972 r. lacha
ta rozrosta sie w dét Bobru i osiagnela rozmiary i polo-
zenie przedstawione na figurze 2. W czasie tej ostatniej
powodzi na badanym odcinku rzek utrzymywal sie
przez wiele dni przeplyw nadkrytyczny (fale stacjonar-
ne i zalamujace si¢ fale wsteczne), a §redni poziom wody
wynosit okolo 30 cm powyzej powierzchni tlachy.
Transportowany byl wéwcezas gruby zwir, a takie
pojedyncze stupki granitowe (20 x20 x 50 c¢m) i platy
darni o powierzchni do 5 m2.

Na omawianej lasze zostaly przeprowadzone syste-
matyczne pomiary orientacji otoczakéw plaskich;
wybrane diagramy orientacji otoczakéw przedstawione
83 na figurze 2. Zebrane obserwacje wskazuja, ze na
plaskiej powierzchni lachy zwirowej otoczaki plaskie sg
silnie zimbrykowane i zapadaja zasadniczo wprost pod
prad (fig. 2, diagramy 1, 2, 4). W czasie wysokiej wody
pradowanie w obrebie tej czesci lachy bylo miejscami
réwnolegle do jej osi podluinej, lecz w innych miejscach
prad omywal lache skognie. Skupienia zimbrykowanych
otoczakéw 83 typowa strukturg plaskich powierzchni
lach zwirowych. Wydaje sie takze, ze kat nachylenia
plaszezyzn AB otoczakéw plaskich jest tym wiekszy,
im grubszy jest zwir i im szybszy byl prad orientujacy.

W osiowej partii koryt otoczaki plaskie zapadaja
najczesdeiej pod prad, natomiast przy brzegach otoczaki
te ukladaja sie najczedciej skosnie wzgledem brzegu
i éredniego pradu, zapadajac w wiekszodei skosnie pod
prad (pl. I). Przy prawym brzegu plaszezyzny AB oto-
czakéw plaskich obrécone sg zgodnie z ruchem wska-
zéwek zegara, a przy lewym brzegu — w kierunku
przeciwnym w poréwnaniu do otoczakéw zapadajacych
wprost pod prad w osiowej partii koryta.

ULOZENIE OTOCZAKOW W KOPALNYCH KORYTACH KARBONSKICH 0 MALEJ KRETOSCI

Ulozenie otoczakéw w korytach bylo badane
przede wszystkim w zwirach zespolu rzeki drenujacej
basen, a czeéciowo takze w osadach przejsciowych, od
aluwiow stozk6w naplywowych do utworéw dna
basenu.

Figura 4 przedstawia fragment lawicy ciasno
upakowanego zwiru (I) przechodzacego bocznie w zle-
piencowaty, gruboziarnisty piaskowiec (2) o warstwo-
waniu sko$nym nieckowatym. Zwir ujawnia niewyrasne,
subhoryzontalne smugowanie. Zimbrykowane otoczaki
plaskie wskazuja na paleoprad w kierunku 100°. O§
struktury nieckowatej przebiega w przyblizeniu réwno-
leznikowo. Zdaniem autora przekrdj ten przedstawia
czedé lachy roztokowej (braid bar) i fragment przy-
legajacego do niej koryta.

Na figurze 5 zestawiono wybrane rysunki odstonieé
ukazujacych koryta o malej kretosci i ich osady.
Rysunek a przedstawia fragment lawicy zlepiencowa-
tego piaskowca o uwarstwieniu sko$nym nieckowatym
(z lewej strony), przechodzacego na prawo w subhory-
zontalnie warstwowany piaszczysty zlepieniec. Kie-
runki transportu pomierzone w lewej i prawej czesci
lawicy sa zgodne i wskazuja na przeplywy ku wscho-
dowi. Warstwa ta jest interpretowana jako wynik
pojedynczego epizodu sedymentacyjnego, typowego
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dla roztok kulmowych. Tego typu osady utrwalaja
w pewnym stopniu pierwotna topografie kulmowych
koryt i lach.

Przyklad zlepiencowatych osadéw korytowych
(1, 2) i ciasno upakowanych Zwiréw lachy korytowej
(3) przedstawia rysunek b. Na rysunku podane s3
kierunki zapadu otoczakéw plaskich. Piaszczyste zle-
pience drobnoziarniste (I, 2) osadzily sie¢ pod wplywem
paleopradéw skierowanych ku potudniowi, jak o tym
$wiadcza zimbrykowane bruki wewnatrztawicowe. Zle-
piefice te reprezentujg osad korytowy nagromadzony
prawdopodobnie w warunkach silnie przeciazonych
osadem przeptywéw nadkrytycznych. Ciasno upakowane
Zwiry warstwy 3 reprezentuja zapewne fragment tachy
roztokowej wyroslej w korycie o kierunku 60 —80°.

Profil ¢ ilustruje piaszezysty zlepieniec drobno-
ziarnisty (I) przykryty przez piaszczysty zlepieniec
bardzo drobnoziarnisty (2) i piaszezysty zlepieniec
drobnoziarnisty (3). Zlepieniec warstwy 2 jest inter-
pretowany jako osad zlozony w korycie o kierunku
SW —NE. 8zerokoéé¢ koryta wynosila co najmniej 10 m.
Koryto zostalo wypelnione w wyniku kilku powodzi,
co zaznaczone jest obecnodcia brukéw wewnatrzla-
wicowych. Material detrytyczny byl transportowany ku
péinoenemu wschodowi. Na lewo zwir przechodzi w zle-
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pienicowaty piaskowiec o warstwowaniu sko§nym niecko-
watym. Bezladne zwiry srodkowej partii koryta sa
uwazane za naplywy silnie przeciazonych przeplywoéw
nadkrytycznych, ktére w poblizu brzegéw ustepowaly
bardziej spokojnej sedymentacji w warunkach migruja-
cych diun. Silnie zimbrykowane zwiry warstwy 3
wskazuja na przeplyw w kierunku 70°.

Rysunek d przedstawia fragment odsloniecia uka-
zujacego stromy, prawy brzeg koryta o osi przebie-
gajacej w przyblizeniu w kierunku W —E (okolo 80°).
Symbolem 1 zaznaczone 83 piaszczyste zlepience drob-
noziarniste, 2 oznacza piaszczysty zlepieniec drobno-
ziarnisty przechodzacy na lewo w zlepieficowaty pias-
kowiec. Piaskowiec ten podécielony jest zimbrykowa-
nym brukiem korytowym, w ktérym otoczaki plaskie
zapadaja w kierunku 120/25°. 3 i 4 to skodnie warstwo-
wane zlepiencowate piaskowce. L.awica 2 jest interpre-
towana jako osad zlozony w korycie o malej kretodci.
Przy brzegu koryta otoczaki plaskie wykazuja skosng
podpradowa imbrykacje wskazujaca na paleoprad
ku zachodowi.

Na rysunku e przedstawiono fragment lawicy
$rednioziarnistego piaskowca o warstwowaniu skoénym
nieckowatym przechodzacego na boki w piaskowce
o warstwowaniu prawie horyzontalnym. Koryto miato
kierunek SW —NE, a material detrytyczny byl trans-
portowany ku NW.

Figura 6 przedstawia fragment malego, wybruko-
wanego koryta o kierunku réwnoleznikowym. W érod-
kowej czefci koryta otoczaki plaskie zapadaja w kie-
runku 270/45°, tzn. przypuszczalnie wprost pod prad.
W bocznych partiach koryta otoczaki plaskie ukla-
daja sie skosnie wzgledem ustalonego wschodniego
paleopradu. W lawicy zlepiefca oznaczonej I zimbry-
kowane otoczaki plaskie wskazuja na przeplyw ku
péinocy.

Inny przyktad wpltywu brzegéw koryta na ulozenie
otoczakow plaskich ilustruje koryto przedstawione na
figurze 7. Koryto to jest wybrukowane otoczakami
wymytymi z podsicielajacego piaszczystego zlepiefca.
Na rysunku podane sg kierunki zapadu powierzchni
AB otoczakéw plaskich. Otoczaki zapadajace w Kkie-
runku 215/45° reprezentuja prawdopodobnie normalng,
podpradows imbrykacje, podczas gdy otoczaki nachy-
lone w kierunkach 155/45° i 245/40° odpowiadalyby
skoénej podpradowej imbrykacji przy prawym i lewym
brzegu koryta. O§ koryta przebiega w kierunku SW —
—NE. Symbolem 2 oznaczono drobno- i érednioziar-
nisty piaskowiec przechodzacy w zlepieniec drobno-
ziarnisty, 3 oznacza Zle wysortowany piaszczysty zle-
pieniec drobnoziarnisty.

Przyklad przedstawiony na figurze 8 ukazuje
ulozenie otoczakéw w zimbrykowanym zwirze kory-
towym (la). O$ tego koryta biegnie w kierunku 110°.
Otoczaki plaskie zapadajace w kierunku 295/15°
reprezentuja wedlug wszelkiego prawdopodobienstwa
normalng podpradowa imbrykacje. Otoczaki zapadajace
w innych kierunkach odpowiadaja zapewne skoénej
podpradowej imbrykacji. .awice 2 i 3 buduja piaszezy-
ste zlepience drobnoziarniste.

Obecno$é w zwirach korytowych otoczakéw za-
padajacych wprost oraz skosnie pod prad zaznacza sie

obecnoécia trzech maksiméw na diagramach orientacji
otoczakow (fig. 2, diagram 7; fig. 9a —d). Warunkiem
otrzymania takiego diagramu jest oczywiscie wykona-
nie pomiaréw na odpowiednio duzej powierzchni zwiru,
tak aby pomiarami objete zostaly otoczaki plaskie
reprezentujace caly szerokosé koryta. Diagramy takie
réznia sie znacznie od diagraméw majacych jedno
silne maksimum, a reprezentujacych, miedzy innymi,
struktury dachéwkowe zimbrykowanych brukéw wy-
dcielajacych tachy zwirowe (fig. 9¢ i f). Nie znaczy to
oczywidcie, ze wazystkie diagramy o jednym, silnym
maksimum muszg koniecznie reprezentowadé zimbry-
kowane bruki powierzchni lach; przyklady z innych
§rodowisk beda podane w dalszej czeci tej pracy.

W swej klasycznej pracy Wadell (1936) postulowat
wykonanie pomiaréw orientacji otoczakéw w przekro-
jach réwnolegltych do kierunku transportu. Jednakze,
zdaniem autora tej pracy, ulozenie otoczakéw w zwirach
aluwialnych powinno byé badane w zasadzie w dwu
prostopadlych przekrojach: réwnoleglym do kierunku
pradu i prostopadle do niego. W przypadku badan
wstepnych — lub gdy nie pozwala na to brak czasu —
wazniejsze jest przeprowadzenie obserwacji i pomiaréw
w przekrojach prostopadlych. Jedynie bowiem w takich
przekrojach rozréznienie zwir6w korytowach od zwirdw
lach jest wzglednie latwe i jedynie w takich przekro-
jach mozna ocenié, jaky cze$é koryta reprezentuje
badany zwir.

Powyzsze obserwacje postuzyly autorowi do opra-
cowania modelu ilustrujagcego ulozenie otoczakéw
w zwirowej roztoce (model a, fig. 10). Zastosowanie
tego modelu do duzych odslonieé zlepieficéw nie budzi
zasadniczo zastrzezen. Niejasnodei moga jednakze
powsta¢ w przypadku malych odstonieé, tj. takich,
w ktorych koryta wyzszego rzedu nie moga byé obser-
wowane na catej ich szerokofci. Kilka przykladéw
zastosowan tego modelu do malych odslonieé ilustruja
figury 11 —15.

Figura 11 ukazuje fragment odsloniecia zlepien-
c6w powstalych przypuszczalnie zaréwno w korytach
(tawice 2 —6), jak i na lachach (lawice I i 7). Zlepieice
tych dwu ostatnich lawic s3 wyraZnie gescicj upako-
wane, nie ujawniajg fladéw koryt, a pomiary orientacji
otoczakéw w tych zwirach daly diagramy z jednym,
gilnym maksimum. Zwiry te byly transportowane ku
NE. Yawice piaszezystych zlepiencéw drobnoziarni-
stych (2—6) interpretowane sa jako aluwia korytowe.
Nachylenie otoczakéw w brukach korytowych oraz
zapady warstwowania sko$nego wskazuja na generalny
kierunek transportu ku péinocy.

Figura 12 ilustruje sposéb zastosowania pomiaréw
ulozenia otoczakéw i zapadéw warstwowania skosnego
do rekonstrukeji kopalnych koryt i lach kulmowych.
Koryto zrekonstruowane na rysunku jest wypelnione
piaszcezystym zlepiencem drobnoziarnistym o uwar-
stwieniu skoénym nieckowatym (I). W osadzie tym
otoczaki plaskie ukladajg sie réwnolegle do warstw
odpragdowych (pseudoimbrykacja). W poblizu lewego
brzegu koryta zlepieniec przechodzi w skosniec warstwo-
wany piaskowiec (2), w ktorym warstwy odpradowe
biegna prawie réwnolegle do przypuszczalnego brzegu
koryta. Z korytem sasiaduje lacha roztokowa zbudowa-
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na ze zimbrykowanego, subhoryzontalnie warstwo-
wanego zwiru; podobny zlepieniec wystepuje tez ponizej
koryta (3). Rekonstrukeja obejmujaca koryto (channel),
nasyp piaszezysty (sand wedge), jak réwniez lache
roztokows (braid bar) opiera sie na modelu opubliko-
wanym przez Rusta (1972, fig. 14).

Inng struktura czesto obserwowana w malych
odstonieciach kulmu &rédsudeckiego jest charakte-
rystyczne ulozenie otoczakéw plaskich, ktoére mozna
nazwaé ,ulozeniem w jodelke” (fig. 13). Polega ono
na wystepowaniu w zwirze naprzemianlegltych warstw,
w ktorych otoczaki plaskie zapadaja na pierwszy rzut
oka w przeciwnych kierunkach. W rzeczywistosei za-
pady te nie sa dokladnie przeciwne, np. w zlepiciicu
przedstawionym na figurze 13 otoczaki plaskie nachy-
lone 83 w nastepujacych kierunkach: 230/30° (warstwa
(1), 5/45° (2), 200/35° (3) oraz 245/25° (4). Kazda z tych
warstw jest interpretowana jako cze$¢ mniej lub
bardziej rozleglej zwirowej akumulacji korytowej.
Otoczaki plaskie obserwowane w odslonieciu reprezen-
tuja prawdopodobnie skofng podpradows imbrykacje
powstala w réznych (lecz nie osiowych) partiach koryt.
Zgodnie z powyzsza interpretacja iwiry te osadzily sie
prawdopodobnie w warunkach zasadniczo jedno-
kierunkowego transportu materialu ku wschodowi.
Dla sprawdzenia powyzszej hipotezy zestawiono na
diagramie 14 kierunki koryt oraz pomiary imbrykacji
zebrane z calego odsloniecia (szereg blisko polozonych
skalek). Kierunki koryt zamykaja sie w sektorze 75—
—130° co w polgezeniu z pomiarami struktur da-
chéwkowych pozwala przyjaé generalny paleoprad ku
wschodowi. Rozrzut pomiaréw imbrykacji jest znacz-
nie wiekszy niz pomiaréw kierunkéw koryt.

Nierozpoznanie w terenie omawianego tu ulozenia
otoczakéw plaskich moze spowodowaé¢ powazne trud-
noéei interpretacyjne lub prowadzi¢é do mylnyech
wnioskéw paleogeograficznych. W wielu bowiem od-
slonigeiach autor obserwowal, ze poszczegélne warstwy
zwiru o odmiennej orientacji otoczakéw sa trudne do
zauwazenia i oddzielenia, gdyz stanowis lacznie mono-
litycznag i na pozér jednorodng tawice zwiru. Konieczne
jest wige zachowanie ostroznodci, a takze wykonanie
odpowiednich rysunkéw i pomiarow.

Stosujac diagramy zbiorcze autor analizowal
takze wieksze ilodei pomiaréw terenowych zebranych
na obszarze do 20 km?. Przyklad takiej analizy pomia-
ré6w osi koryt i struktur dachéwkowych dla kulmu
ze Szczawna zachodniej czesci niecki $rédsudeckie]j
przedstawia figura 14b. Diagram ten zostal sporza-
dzony na podstawie pomiaréw w o$miu duzych odslo-
nigeiach reprezentujacych cala zachodnia cze$é niecki
grodsudeckiej. Diagram zostal wykonany w sposéb
nastepujacy: kalke techniczna z narysowang strzalka
oznaczajaca Sredni kierunek koryt przytwierdzono do
$rodka siatki biegunowej. Nastepnie dla kazdego od-
stoniecia z osobna wyznaczono $redni kierunek koryt
1 strzatka zostala sprowadzona do tego kierunku
przez obrét kalki; w takim polozeniu kalki zostaly na
nig naniesione pomiary struktur dachéwkowych. Mak-
simum 1 (= 8,39%) jest traktowane jako maksimum
odpowiadajace normalnej podpradowej imbrykacji
w osiowej partii koryt; submaksima 2 (= 6,49%)

oraz 3 (= 5,59%) sa interpretowane jako odpowiadajace
skoénej podpradowej imbrykacji w lewych i prawych
bocznych partiach koryt. Wydaje sie, ze uzyskany
diagram potwierdza slusznosé obserwacji terenowych,
zgodnie z ktérymi znakomita wiekszo$é badanych
osadow reprezentuje zwiry korytowe. Wydaje sie
takze, ze nawet tak duza dyspersja kierunkéw struktur
dachéwkowych, jak przedstawiona na diagramie, mo-
ze by¢ odzwierciedleniem zasadniczo jednokierunkowe-
go systemu paleopradéw w srodowisku rzecznym,
w ktérych przewazaja osady plytkich roztok o niewiel-
kiej kretosci. Strzalka obrazujaca ,$redni kierunek
koryt” nie ma okredlonego sensu geograficznego.

W podobny sposéb poréwnano pomiary imbrykacji
otoczakow plaskich na stozkach naplywowych zrekon-
struowanych ostatnio w zachodniej cze$ei niecki §réd-
sudeckicj przez autora (Teisseyre 1973; 1975). Typowe
dla stozkéw naplywowych sa diagramy o jednym
Iub dwu wysokoprocentowych maksimach (fig. 14e).
Jest wiec mozliwe. ze na drodze ostroznej analizy zbior-
czych diagraméw konturowych mozna odrdznié przy-
najmniej zwiry stozkéw naplywowych od zwiréw
reprezentujacych osady rzeczne zwiazane 2z dnem
basenu. W przypadku Zwir6w obu tych srodowisk
linie symetrii digraméw zbiorczych pokrywaja sie
zasadniczo z kierunkami osi stozkéw lub §rednimi
kierunkami dolin (lub systeméw rzecznych). Metoda
ta wymaga jednakze uprzedniego zorientowania sie
w zasadniczych kierunkach paleogeograficznych, takich
jak: §rednie kierunki transportu, kierunki osi stozkéw
i dolin. W przypadku duzego rozrzutu pomiaréw tere-
nowyech pozadane jest przetransponowanie poszcze-
g6lnych pomiaré6w na katowe odchylenia od niezaleznie
ustalonych érednich kierunkéw stozkoéw lub dolin.

Ostatni z omawianych tu przykladéow dotyeczy
zwirowych osadéw roztok, ktére w pewnym okresie
czasu przesuwaly sie konseckwentnie w jednym kie-
runku (fig. 14d). W odslonieciu, z ktérego pochodza
pomiary przedstawione na tym diagramie, $redni
kierunek koryt wynosi okoto 350°. Struktury dachow-
kowe grupujace sie¢ w poblizu I sa interpretowane
jako normalna podpradowa imbrykacja; wskazuja one
na transport materiatu ku poéinocy. Struktury dachéw-
kowe skupione w poblizu 2 reprezentuja skos$ng pod-
pradowsg imbrykacje powstalag w prawych (wschodnich)
partiach kolejnych koryt. Osady lewych (zachodnich)
partii koryt zostaly zniszczone w wyniku przesuwania
sie kolejnych koryt ku zachodowi. Zwraca uwage fakt,
ze linia symetrii diagramu nie pokrywa si¢ z ustalonym
kierunkiem koryt i wyinterpretowanym kierunkiem
paleopradu. Totez w malych odslonigciach i profilach,
w ktéryech koryta nie sg wyraZnie widoczne lub nie
zostaly rozpoznane, mechaniczne pomiary struktur
dachéwkowych moga prowadzié do blednych wnioské6w
paleogeograficznych i sugerowaé istnienie paleopradéw
skierowanych pod duzymi katami do rzeczywistych
przepltywéw.

Przedstawiona wyzej interpretacja diagraméw
orientacji otoczakow o trzech niskoprocentowych maksi-
mach zostala sprawdzona i potwierdzona przez szereg
niezaleznie wykonanych obserwacji i pomiaréw tere-
nowych. W tym celu wyselekcjonowano szereg odslo-
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nigé ukazujacych zwiry korytowe w przekrojach z grub-
sza prostopadlych do kierunku koryt. W kazdym z ba-
danych koryt wyznaczono arbitralnie czeéé srodkows
koryta i dwie czeSci boczne, a nastepnie mierzono

osobno polozenie otoczakéw plaskich w kazdej z tych
czeécl. Osiagniete wyniki reprezentujg dwa diagramy
na figurze 15.

ULOZENIE OTOCZAKOW W MEANDRUJACYCH ODCINKACH LESKU I STRZEGOMKI

Sedymentacja w meandrujacych odcinkach wspom-
nianych rzek zachodzi w kilku réznych srodowiskach,
ktoére (za Bluckiem 1971) obejmujg: glebie meandrowa
(pool), sklon lachy meandrowej (bar platform), lache
meandrows (supra-platform bar) ze zwirami gérnej
partii lachy (bar head gravels), obszarem lezacym za
krawedzia tych zwiréw (bar lee) oraz dolna czefcig
lachy (bar tail). Osady lachy meandrowej przechodza
ku wnetrzu zakola w utwory wewnetrznego, nadbu-
dowywanego brzegu (inner accretionary bank). W za-
kolach wspomnianych rzek obserwowano réwniez,
jezykowate w planie, odsypy typu ,chute bars”
(McGowen, Garner 1970). Odsypy te wystepuja szcze-
gblnie w miejscach, w ktérych odecinki meandrujace
przechodza w odcinki roztokowe. W tych miejscach
tworzg si¢ czesto lachy poprzeczne skierowujace gléwny
nurt na boki, co w konsekwencji prowadzi do tworzenia
sie w okresach powodzi skog$nie warstwowanych odsy-
péw, zwykle wystepujacych bezposrednio ponizej
miejsca, w ktérym nastapila nagla zmiana kierunku
strumienia (por. Scott, Gravlee 1968).

W Dbadanych korytach meandrujacych zwiry
wystepowaly gléwnie w glebii meandrowej, na sklonie
lachy meandrowej oraz w goérnej jej czefci. Glebie
meandrowe 83 zwykle tak glebokie, ze wykonywanie
pomiaréw ulozenia otoczakéw jest w tych miejscach
niemozliwe. Niemniej jakodciowe obserwacje ulozenia
tych zwiréw wskazuja, ze wiekszosé otoczakoéw plaskich
nachyla si¢ tu skoénie pod prad. W miare zblizania sig
do osi koryta ulozenie otoczakéw plaskich staje sie
coraz bardziej prostopadle wzgledem nurtu zakolowego.
Na sklonie lachy meandrowej ulozenie otoczakéw moze
byé rézne: od skoénej podpradowej imbrykacji, poprzez
ulozenie zgodne ze sklonem (pseudoimbrykacja), do nor-
malnej podpradowej imbrykacji (wystepujacej zwykle
tylko w dolnych partiach sktonu). Ulozenie otoczakéw
w zwirach gérnej czedci tachy meandrowej nie odbiega od
ulozenia zwiréw na lachach korytowych w odcinkach

o malej kretoSci. W odsypach typu ,chute bars”
obserwuje sie w napradowej czeéei lachy plytkie koryta,
w ktérych otoczaki plaskie ulozone sg podobnie jak
w opisanych wyzej korytach o malej kretosci.

Lacha meandrowa przedstawiona na figurze 16
stanowi lukowaty w planie odsyp zwirowy zlozony
z lekko nachylonych ku wnetrzu koryta warstw

skoénie podpradowo zimbrykowanego zZwiru. Po-
wierzchnia lachy jest wybrukowana. Wewnetrzna
cze$é odsypu ma charakter powierzchni odprado-

wej opadajacej pod katem naturalnego zsypu zwiru w kie-
runku odcigtego, bocznego koryta (fig. 17, 18). W tej
czedei lachy otoczaki plaskie ukladaja si¢ réwnolegle
do powierzchni odpradowej (pseudoimbrykacja).

Na niektérych odcinkach boecznych dopltywéw
badanych rzek autor obserwowal charakterystyczne
odsypy zwirowe usypane w dawnych lukach meandréw
w ten sposéb, ze aktywne koryto przesunelo sie w kie-
runku wewnetrznym, na obszar dawnej tachy meandro-
wej lub tez podcielo wewnetrzny brzeg, za§ pierwotna
glebia meandrowa zostala wypelniona zwirem. W planie
odsypy te nadladuja dokladnie zarys pierwotnego
meandru. Skladaja si¢ one z niewyraZnie, koncentrycz-
nie warstwowanych zwiréw przelawiconych cienkimi
wkladkami piaské6w o warstwowaniu sko$nym lub
subhoryzontalnym. W zwirach otoczaki plaskie ukla-
daja sie¢ skodnie podpradowo. Goérna powierzchnia
tych odsypéw jest plaska lub lekko wypukla. Odsypy
te 83 nierzadko oddzielone od pierwotnego wklestego
brzegu przez odcigte koryta, czasem zabagnione. Od-
8ypy tego typu utworzyly sie w wyniku podniesiena
lokalnej podstawy erozyjnej, spowodowanego réznymi
pracami wodnymi. Wedlug obserwacji autora odsypy
zZwirowe powstaja szybko, tak ze w ciagu 3 —4 lat od
momentu podniesienia lokalnej podstawy erozyjnej
dawne odcinki meandrujace ulegly calkowitemu wy-
pelnieniu i typ koryta zmienit si¢ z meandrujacego na
prostolinijny lub roztokowy.

ULOZENIE OTOCZAKOW W KOPALNYCH KORYTACH KARBONSKICH O DUZEJ KRETOSCI

Ulozenie otoczakéw w kopalnych zwirach kulmo-
wych nagromadzonych w korytach o duzej kretosci bylo
badane w osadach zespolu rzeki drenujacej basen.
Badania przeprowadzono w zachodniej i péinocnej
czefci niecki 4rédsudeckiej, w osadach $rodkowego
i gérnego wizenu (kulm z Lubomina i ze Szczawna).

Figura 19 przedstawia przekrdj poprzeczny przez
asymetryczne koryto typowe dla czlonu arkozowego
najwyzszej czeSci kulmu ze Szczawna w obszarze na
SW od Lubawki. Czlon ten sklada sie z szeregu sekwencji
o ziarnie malejacym ku gérze, co pozwala przypuszczad,
ze utworzy! sie on raczej w §rodowisku rzek meandru-

jacych niz roztokowych. W korycie tym wystepuja:
piaszczysty zlepieniec drobnoziarnisty o charaktery-
stycznym ulozeniu otoczakéw plaskich (Ia), skoénie
warstwowany piaszczysty zlepieniec drobnoziarnisty
z otoczakami plaskimi zimbrykowanymi skoénie pod-
pradowo i wskazujacymi na przeplyw ku poludniowi
(1b), zlepiencowaty piaskowiec (I¢), dobrze wysortowa-
ny piaskowiec $rednioziarnisty (Id) oraz piaskowce
drobnoziarniste, miejscami zlepienicowate, i mulowce
(Ze). Interpretacja wypelnienia tego koryta zaklada
istnienie (od lewej do prawej) wewnetrznego nadbu-
dowywanego brzegu meandru (inner accretionary bank)
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z osadami piaszezystymi i muloweami, koryta w obrebie
lachy meandrowej (swale) z osadami dobrze przemy-
tych i dobrze wysortowanych piaskéw, lachy mean-
drowej (point bar) ze skosnie warstwowanymi zlepien-
cowatymi piaskowcami oraz glebi meandrowej (pool)
wypelnionej zwirem i ograniczonej od zachodu stromym,
podeinanym brzegiem (concave cut-bank).

Na figurze 20 przedstawione jest asymetryczne
koryto wypelnione zlepieficem drobnoziarnistym (2)
przechodzagecym ku NW w piaszezysty zlepieniec dro-
bnoziarnisty i zlepiencowaty piaskowiec. Bieg i upad
stromego, erodowanego brzegu wynosi 110/70°. Kie-
runki zapadu plaszezyzn AB otoczakéw plaskich sa
podane na rysunku. Koryto jest wyerodowane w pia-
szezystych zlepiencach drobnoziarnistych (I), w ktod-
rych imbrykacja wskazuje na przepltyw w kierunku 55°.
Podobny kierunek transportu zostal stwierdzony w bru-
ku podscielajacym lezacy wyzej zlepieniec (3).

Zwiry 2 sa interpretowane jako zwiry glebii meand-
rowej. Otoczaki plaskie zapadaja tu skoénie pod prad,
natomiast otoczaki wyscielajace dawne dno koryta
zapadaja wprost pod prad. Skoénie warstwowane
osady sg traktowane jako nanosy lachy meandrowej.

Inne asymetryczne koryto jest przedstawione na
figurze 21. Osady korytowe stanowia: ciasno upakowa-
ny zlepieniec drobnoziarnisty (2a), skosnie warstwo-
wany piaskowiec (2b), drobnoziarnisty zlepieniec i skoénie
warstwowany zlepiencowaty piaskowiec (2¢) oraz
ile wysortowany zlepiencowaty piaskowiec w poludnio-
wej czesei koryta. Bieg i upad stromego, erodowanego
brzegu wynosi 300/70—80° SW. Pomiary ulozenia
otoczakéw plaskich oznaczone sg symbolem Im, zad
pomiary warstwowania skosnego — Sf. Koryto jest
wyerodowane w piaszezystym zlepiencu (I), w ktérym
zimbrykowane otoczaki plaskie wskazuja na pateoprad
ku NE. Na podstawie tych danych zostato zrekonstruo-
wane koryto o duzej kretodci. Skosnie podpradowo
zimbrykowane zwiry (2a) sa uwazane za Zwiry glebii
meandrowej (pool gravel) i byly zapewne osadzone
przez prad zakolowy (pool current). Chaotyczne zwiry
widoczne miedzy 2a i 2¢ odpowiadaja prawdopodobnie
osadom sklonu lachy meandrowej (bar platform).
Skoénie warstwowane piaskowce (2b i 2¢) reprezentujg
prawdopodobnie aluwia lachy meandrowej (point bar).
Aluwia te powstaly prawdopodobnie w wyniku prze-
mieszczania sie poprzecznych nasypéw lub diun.
Warstwy odpradowe tych skoénie warstwowanych
nasyp6w zapadaja w kierunku wewnetrznego, nad-
budowywanego brzegu (inner accretionary bank).

Figura 22 ukazuje fragment asymetrycznego ko-
ryta wypelnionego ciasno upakowanym zlepiencem
drobnoziarnistym (2a), ktory ku potudniowi przechodzi
stopniowo w piaszezysty zlepieniec drobnoziarnisty (2b)
i skodnie warstwowany zlepiencowaty piaskowiec (2c).
Kierunki zapadu otoczakéw plaskich oznaczone s3
symbolem Im, zad warstwowan skoénych — Sf. Bieg
i upad stromego, podcinanego brzegu wynosi 250/60 —
—65° 8. Koryto jest wyerodowane w piaszczystym
zlepiencu drobnoziarnistym (I). Wyzej zalegaja pia-
szczyste zlepieiice drobnoziarniste (3) i zlepience dro-
bnoziarniste (4).

Zwiry warstwy 2a sa interpretowane jako osad

glebii meandrowej (pool) i osadzily sie w poblizu
zewnetrznego, erodowanego brzegu (outer cut-bank)
pod wplywem pradu zakolowego (pool current). Osady
oznaczone 2b i 2¢ reprezentuja zapewne naplywy skltonu
lachy meandrowej (point bar) i byly prawdopodobnie
sypane przez prad dzialajacy w obrebie lachy meandro-
wej (bar head current). Osady zloZone w poblizu
brzegu wewnetrznego (inner bank) sa zerodowane.

Figura 23a przedstawia asymetryczne koryto
weigte w zlepieniec drobnoziarnisty (I). W péinocnej
czedci odslonigcia zlepieniec jest ciasno upakowany,
a ku poludniowi staje sie coraz bardziej piaszczysty.
Osady korytowe obejmujg piaskowiec i zlepiencowaty
piaskowiec (2a) wystepujacy w formie warstwy réwno-
leglej do stromego, zewnetrznego brzegu, ciasno upa-
kowany zwir (2b) przechodzacy ku potudniowi w pia-
szezysty zlepieniec drobnoziarnisty, skosnie warstwo-
wany zlepiencowaty piaskowiec (2¢; Sf — 260/25°),
zlepieficowaty piaskowiec i zlepieniec bardzo drobno-
ziarnisty (2d) oraz lekko zlepiencowaty piaskowiec (2e)
o warstwowaniu sko$nym nieckowatym. Bieg i upad
stromego, erodowanego brzegu wynosi 325/45 —55° SW.
Bruk korytowy podécielajacy piaskowce 2¢ ujawnia
zimbrykowane otoczaki plaskie zapadajace w kierunku
210/25—-35°. Wyzej lezy piaszezysty zlepieniec dro-
bnoziarnisty (3) przykryty z kolei przez ciasno upa-
kowany zlepieniec drobnoziarnisty (4).

Zlepience i piaskowce warstwy 2 utworzyly sie
prawdopodobnie w korycie o duzej kretosci. Zlepience
2b 83 interpretowane jako zwiry utworzone w glebii
meandrowej (pool) pod wplywem pradu zakolowego
(zaznaczonego symbolem P. C. — pool current).
Zwiry te wykazuja skoéna, podpradows imbrykacje
(por. fig. 23b). Zwiry utworzone w najglebszej czefci
koryta odznaczaja sie natomiast normalna podpra-
dowa imbrykacja (fig. 23c). Skosnie warstwowane
piaskowce (2¢) sa prawdopodobnie osadem sklonu
lachy meandrowej (point bar). Piaskowce o warstwo-
waniu skosnym nieckowatym (2¢) s3 zapewne osadem
niewielkiego koryta poloZonego na wynurzonej czedci
lachy meandrowej (minor bar-head channel). Piaskowce
warstwy 2a powstaly prawdopodobnie jako osad
przechwycony miedzy galeziami i pniami stloczonymi
przy wklestym brzegu przez prad zakolowy. Osady
wewnetrzego brzegu (inner bank) nie zachowaly sie.
Linia w kierunku 30° oznacza lokalizacje odslonigtego
profilu.

Figura 24 przedstawia ulozenie otoczakéw w asy-
metrycznym korycie o szerokodei co najmniej kilku
metréw. W odstonieciu widoczne 83 tylko zlepience
wschodniej czesci tego koryta o miazszodci okolo Im.
Zlepience te odznaczaja sie ciasnym upakowaniem
otoczakéw. Bieg i upad stromego, erodowanego brzegu
wynosi 235/65°. Gléwne maksimum (I = 269, w azy-
mucie 280/55°) odpowiada otoczakom plaskim za-
padajacym skodnie pod prad. Dwa drugorzedne malksi-
ma (2 = 129 w azymucie 240/35° i 3 = 89, w azy-
mucie 240/60°) odpowiadaja otoczakom plaskim wyscie-
lajacym stromy, erodowany brzeg; otoczaki te nie sa
zimbrykowane. Sredni paleoprad plynat przypuszezal-
nie w kierunku 145°.

W odstonieciu przedstawionym na figurze 25
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widaé co najmniej trzy kolejne asymetryczne koryta.
Dwa sposéréd nich ujawniaja charakterystyczne wew-
netrzne zréznicowanie osadu ze skosnie warstwowanymi
piaszezystymi zwirami przy lagodnie nachylonej czesei
dna (wypukly brzeg) oraz grubszymi i cias$niej upako-
wanymi zwirami przy stromym (wklestym) brzegu
(pl. IT i IIT). Na tej podstawie koryta te sa interpreto-
wane jako koryta o duzej kretosci. Interpretacja ta
jest poparta pomiarami warstwowania skos$nego, kie-
runkéw koryt i struktur dachdowkowych (fig. 26).

Diagram orientacji otoczakéw (fig. 25b) przedsta-
wia uloZenie otoczakéw ptaskich w korycie II. Zwiry
te zapadaja skoénie pod prad i sg interpretowane jako
zwiry glebi meandrowej. Koryto to uleglo wypelnieniu
w kilku epizodach sedymentacyjnych, z ktorych co
najmniej dwa sg latwe do rozpoznania na zalgczonym
rysunku (fig. 25a). Warstwy skosne przy lewym wy-
puklym brzegu zapadaja w kierunku 55—90/15 —25°
i 83 uwazane za osad sklonu lachy meandrowej. W ko-
rycie tym odbywal sie przeplyw ku péinocy. Z drugiej
strony w korycie III skosnie podpradowo zimbryko-
wany zwir glebi meandrowej zapada w kierunku
330/20—50°, a skosnic warstwowane osady lachy
meandrowej — w kierunku 110—-115/20—30°. W ko-
rycie tym palcoprad plynat zatem ku poludniowi.

Diagram d ukazuje ulozenie otoczakéw w tej samej
lawicy, lecz nieco wyzej. Gléwne maksimum odpowiada
otoczakom ptaskim zapadajacym skosnie pod prad
w lewej czesci koryta I. Drugorzedne maksima re-
prezentuja otoczaki zapadajace wprost pod prad (M)
i skosnie pod prad przy prawym, wypuklym brzegu (R).

Diagram e ukazuje ulozenic otoczakéw plaskich
w lawicy zwiru obserwowanej w odslonieciu w prze-
kroju prawie prostopadlym do kierunku pradu (lokali-
zacja na fig. 25a). Nawet na tak niewielkim odecinku,
jaki widaé¢ na rysunku 25a, kierunki zapadu otoczakéw
plaskich zmieniajg sie konsekwentnie z 240/40° z lewej
strony na 190/45° z prawej strony. Kierunkom tym
odpowiadaja dwa maksima, na diagramie oznaczone
U i R, interpretowanc tu jako normalna podpradowa
imbrykacja (M) i sko$na podpradowa imbrykacja (R).
Zlepieniec ten jest wige najprawdopodobniej osadem
korytowym, zlozonym w korycie o kierunku potudni-
kowym. W odslonigeiu widaé tylko zwiry srodkowej
1 prawej czesei koryta.

Figura 26 przedstawia zbiorezy diagram kierunkéw
transportu pomierzonych w odslonieciu przedstawio-
nym na figarze 25a. Duzy rozrzut pomiaréw struktur
dachéwkowych jest prawdopodobnie spowodowany
wplywem brzegéw koryt. Niemniej mozliwe jest, ze
pomiary struktur dachéwkowych skupiajace sie w sek-
torze wyznaczonym przez najliczniej reprezentowane
koryta odpowiadaja (przynajmniej czesciowo) normalnej
podpradowej imbrykacji. Wiekszos$é pomiaréw warstwo-
wania skosnego zapada pod duzymi katami wzgledem
Sredniego kierunku koryt. Pomiary te byly bowiem
wykonane gléwnie w skosnie warstwowanych osadach
tach meandrowych, w ktorych warstwowanie przekatne
zapada z reguly pod duzymi katami wzgledem kierunku
koryta.

Figura 27a (pl. IV) ilustruje dobrze wzajemne sto-
sunki osadéw koryt symetryeznych i asymetryeznych.

Osady przedstawione w dolnej czesci rysunku powsta-
waly prawdopodobnie gléwnie w korytach asymetrycz-
nych o duzej kretosci. Zwiry wystepujace w poblizu
stromych, erodowanych brzegow tych koryt sa czesto
zimbrykowane skosnie podpradowo (por. fig. 27b) i sa
interpretowane jako zwiry glebi meandrowej (pool
gravels).

Szczegolowe obserwacje 1 pomiary uloZenia oto-
czakéw plaskich pozwalaja na zrekonstruowanie nie-
ktorych koryt i lach korytowych (fig. 27¢). Koryto
(channel) i podluina lacha roztokowa (longitudinal
braid bar) rekonstruowane na tym rysunku odnosza si¢
do lawicy zwiru oznaczonej na figurze 27¢ symbolem 1.
W lewej czesci tej lawicy zlepiefice sa bardziej piaszczy-
ste i bardziej drobnoziarniste. Otoczaki plaskie zapa-
daja tu w kierunku 155 —160/30 —60°, tzn. skosnie pod
prad (fig. 27¢). W miare oddalania si¢ od tego brzegu
ulozenie otoczakoéw zmienia si¢ stopniowo. Poczynajac
od punktu polozonego 3,7 m od poczatku lawicy
zmienia si¢ takze charakter zwiru; staje sie on bardziej
gruboziarnisty i ciasniej upakowany. Miejsce to moze
byé uwazane za poczatek lachy roztokowej. We wne-
trzu lachy otoczaki plaskie i pien lepidodendrona sg
pochylone pod prad (fig. 27c).

Pomiary struktur wskaZnikowych transportu uzy-
skane w tym odstonieciu przedstawione sa na figurze
27d. Diagram uwidacznia duzy rozrzut paleopradéw
typowy dla koryt roztokowych (Doeglas 1962; Ore
1963).

W gornej czedei odsloniecia przedstawionego na
figurze 27a wystepuja osady o warstwowaniu skosnym
typu deltowego. Lawice tych piaszezystych zwirdw
83 interpretowane jako lachy poprzeczne, zwigzane
byé moze z utrzymujgcymi sie¢ przez dluzszy czas
okresami wysokich wéd (Ore 1963).

Jest rowniez prawdopodobne, ze w osadach kulmu
wystepuja takze zwirowe odsypy wypelniajace dawne
glebie meandrowe. Byé moze nalezy tu zaliczyé zlepien-
ce warstw 41 5 na figurze 28a. Obie te warstwy skladaja
si¢ z ciasno upakowanego zwiru, w ktérym otoczaki
plaskie zapadaja w przewazajacej mierze skosnie pod
prad (fig. 28b). Czeéé otoczakéw plaskich uktada sie
rownolegle do stromych $cian koryt.

Przedstawiona wyzej metoda badania pozornie
sjednorodnych” zwiréw polega na wykonywaniu szcze-
gélowych rysunkéw i mierzeniu mozliwie najwieksze]
ilosci réznych struktur wskaznikowych transportu.
Wynik zastosowania tej metody do stosunkowo stabo
zréznicowanych zwiréw widocznych na figurze 29a
przedstawia figura 29b. Zlepiencowate piaskowce prze-
wazajace w dolnej czesei tego odstoniecia wykazuja war-
stwowania skodne nieckowate i osadzity si¢ w korytach
o kierunku N —8. Wyzej lezace zlepience nagromadzily
si¢ w podobnie ukierunkowanych korytach. Wiekszosé
otoczakéw plaskich w srodkowyeh partiach tych koryt
zapada ku poludniowi wskazujac na paleoprad ku
poéinocy.

Przedstawione wyzej obserwacje terenowe umozli-
wily autorowi opracowanie ogélnego modelu roztoki
kulmowej (model II) przedstawionego na figurze 30.
Model ten postuluje wspolistnienie w obrebie roztoko-
wego zespolu rzecznego koryt o nalej i duzej kretosci.



ULOZENIE OTOCZAKOW W OSADACH ROZTOK

DYSKUSJA NAD WYNIKAMI I WNIOSKI

Aspekt paleogeograficzny. Badania autora
dotyczyly przede wszystkim ulozenia otoczakdéw pla-
skich. Ograniczenie pomiaréw ulozenia do tych wlasnie
otoczakéw zostalo podyktowane faktem, ze otoczaki
plaskie 83 z reguly liczniej reprezentowane w zwirach
kulmowych niz otoczaki wrzecionowate. Ponadto
uprzednio wykonane badania wykazaly, ze ulozenie
otoczakéw wrzecionowatych jest zmienne i nie nadaje
sie do latwego i pewnego ustalania kierunku transportu
(Teisseyre 1968; 1975).

W utworach kulmowych badano gléwnie ulozenie
otoczakéw w zlepiencach wypelniajacych dawne koryta
rzeczne. Zostalo stwierdzone, Ze koryta symetryczne
odznaczaja sie praktycznie niezréznicowanym wy-
pelnieniem i to tak pod wzgledem strukturalnym, jak
i teksturalnym. Kanaly te s3 interpretowane jako
kopalne koryta o malej kretosci. Otoczaki plaskie
w Zzwirach wypelniajacych te koryta zapadajg z reguty
pod prad w osiowej partii kanalu i skosnie pod prad
w jego bocznych partiach.

Osady koryt asymetrycznych sa prawie zawsze
zréznicowane na skosnie warstwowane naplywy lachy
meandrowej oraz zwiry glebi meandrowej, w ktéorych
otoczaki plaskie zapadaja najczesciej skosnie pod prad.
Osady kanaléw asymetrycznych sg interpretowane
jako naplywy koryt o duzej kretosei.

Stwierdzone wyzej prawidlowosci ulozenia oto-
czakéw plaskich, jakkolwiek dawno juz rozpoznane,
zostaly wykorzystane przez autora w celu rozpozna-
wania i rekonstruowania dawnych lach i koryt w po-
zornie ,jednorodnych” zwirach kulmowych.

Omowione w czesci opisowej diagramy orientacji
otoczakdow wskazuja, Ze rézne typy diagramoéw moga
wystepowaé w zwirach o réznej genezie. Wskazuje to,
ze przy obecnym stanie wiedzy przedstawione w tej
pracy typy diagramoéw nie moga byé wskainikiem
grodowiska sedymentacji zwiru, ktérego odtworzenie
wymaga licznych kryteridow dodatkowych. Odwrotnie,
wydaje sie niewatpliwe, ze identyczne typy diagramow
rzeczywiscie mogg reprezentowaé zwiry zlozone w zu-
pelnie réinych drodowiskach sedymentacyjnych.

Diagramy orientacji otoczakéw nie powinny byé
klasyfikowane w kategoriach ,symetrii diagramu”,
lecz powinny byé analizowane na tle pierwotnego
frodowiska sedymentacyjnego zwiru, wlaczajac tu
pierwotna topografie lach i koryt oraz uklad dawnych
pradow.

Na przykladzie diagraméw przedstawionych w tej
pracy latwo mozina wykazaé, ze rzeczywisty kierunek
przeplywu jest czesto skosny lub nawet prostopadly do
kierunku sugerowanego przez gléwne maksimum na
diagramie. Staje si¢ wiee oczywiste, ze paleogeogra-
ficzna interpretacja ulozenia otoczakéw musi byé po-
parta gruntownymi studiami sedymentologicznymi
nad badanymi Zwirami i osadami im towarzyszacymi.
W szezegélnosei wazne jest ustalenie, czy badany zZwir
stanowi osad korytowy czy tez osad lach, a takze w jakiej
partii koryta czy lachy zwir ten sie¢ osadzil. Oznacza
to, ze wykonanie przypadkowych pomiaréw ulozenia
otoczakéw w zZwirach o nie rozpoznanej genezie powinno

by¢ zaniechane, poniewaz moze prowadzié do powaz-
nych bledéw paleogeograficznych.

Bledne wnioski paleogeograficzne moga byé tez
wynikiem nierozpoznania uloZenia otoczakéw ,w jo-
detke”. Ulozenie to jest interpretowane jako przejaw
skoénej podpradowej imbrykacji w migrujacych bocz-
nie korytach plytkich roztok. Na diagramie orientacji
otoczakow glowne maksima lezg wowezas w plaszezy-
Znie prawie prostopadlej lub prostopadlej do rzeczy
wistego kierunku transportu materiatlu detrytycznego.
Byé moze niektore diagramy o tak zwanej ,symetrii
rombowej” reprezentuja wladnie ten przypadek (por.
Teisseyre 1968, fig. 25).

Do mylnyeh wnioskéw paleogeograficznych moze
réwniez prowadzié nie rozpoznanie zwiréw wypelniaja-
cych dawne glebie meandrowe (,,meander-plug gravels”).
Ulozenie otoczakéw w tych zwirach jest prostopadle
lub skodne wzgledem rzeczywistego paleopradu.

W glebiach meandrowych moga tez wystepowad
zwiry ukladajace sie rdéwnolegte do stromego, erodo-
wanego brzegu. Zwiry te nie s3 zimbrykowane.

Na marginesie wnioskéw opublikowanych przez
Sedimentary Petrology Seminar (1965) warto dodad,
ze kat nachylenia powierzehni AB otoczakéw plaskich
absolutnie nie moze byé uwazany za kryterium pozwa-
lajgce na wyszukiwanie w terenie takich przekrojow,
w ktoéryeh zwiry zapadaja wprost pod prad.

Aspekt $rodowiskowy. Z przedstawionych
wyzej opisow i ilustracji wynika jasno, ze zwiry i zle-
piefice zlozone w korytach o malej i duzej kretoseci
wystepuja jedne obok drugich w zasadniczo tym samym
zespole osadowym, okre§lonym jako zespodl rzeki dre-
nujacej basen. W osadach tych na ogél przewazaja
naplywy plytkich roztok o malej kretosci. Koryta o du-
zej kretosci reprezentuja tu przypadek wewnetrznego
meandrowania (internal meandering) w roztokowym
generalnie systemie rzecznym. W rzeczywistosci koryta
meandrujgce sa nierzadkie w wielu wspétezesnych sy-
stemach roztok (Leopold, Wolman 1957; Krigstrom
1962; Ore 1963; Klimek 1972; Rust 1972 i in.).

W zwiazku z powyzszym wylania si¢ zagadnienie,
czy przeplywy nadkrytyczne, jakie bez watpienia byly
dominujacym czynnikiem depozycyjnym w basenie
kulmowym, moga meandrowaé i czy proces ten mozna
nazwaé meandrowaniem? Jak to wykazaly badania
eksperymentalne Wolmana i Brusha (1961), Hickina
(1969) i innych przeplyw nadkrytyczny moze istotnie
w pewnych warunkach prowadzié do utworzenia sig
koryta o duzej kretosci, z tym ze proces ten nie jest
identyczny z ,normalnym” meandrowaniem i powsta-
jace na tej drodze odeinki o duzej kretosei nazwano
pseudomeandrami.

Pseudomeandry zwigzane z warunkami przeply-
wow nadkrytycznych wymagaja niespoistych osadow
stanowiacych brzegi koryta i odzwierciedlaja nicstabil-
noéé koryt. Prawdopodobnie przynajmniej niektére
asymetryczne koryta kulmowe nalezy zaliezyé do tej
grupy. Brak jednakze opulikowanych danyeh pozwa-
lajacych na rozpoznanie w tych osadach charaktery-
stycznych odsypéw nazwanych przez Hickina (1969)
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»point dunes” i spelniajacych w pseudomeandrach
te samg role, jaks spelniaja lachy meandrowe w ,nor-
malnych” odcinkach meandrowych. Odsypy takie sa
wedlug Hickina (op. ¢it.) skosnie warstwowanymi la-
chami zbudowanymi z materialu lepiej wysortowanego
niz podscielajace je utwory korytowe. Obecnosé war-
stwowania skofnego w osadach przeplywéw nadkry-
tycznych budzi jednakze powazne zastrzezenia. Byé
moze sprzecznosé te mozna wyjasnié dawno rozpozna-
nym faktem, ze zakola meandrowe 83 obszarem silnego
zréznicowania pradu, a niekiedy takze obszarem
separacji pradu (flow separation).

Wedlug Hickina (op. c¢it.) niektére ustabilizowane
lachy typu ,point dunes” tworzg si¢ w warunkach
przeplywéw podkrytycznych w istniejacych zakretach
strumieni. Ten typ odsypéw jest prawdopodobnie
reprezentowany w osadach kulmowych, a zwlaszcza
w wypelnieniach koryt asymetrycznych.

W osadach dolnego karbonu wystepuja tez utwory
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»normalnych” koryt meandrujacych. Najlepiej znany
autorowi przyklad tych utworéw widoczny jest w opu-
szczonym kamieniolomie na zachéd od Kamiennej
Goéry. Osady te odznaczaja si¢ przewaga drobno-
ziarnistych naplywéw réwnin zalewowych nad osadami
korytowymi, niskim stosunkiem szerokosei do gleboko-
gci koryta, U-ksztaltnym zarysem gleboko weietych
koryt oraz ciaglodcia w kierunku bocznym jednostek
sedymentacyjnych o mniej wiecej réwnej migzszosei.
Osady te pojawiajq sie w partiach basenu bliskich dawnej
linii brzegowej (por. Moody-Stuart 1966).

Innym wyrazem zmian &rodowiska sedymentacji
moze byé stosunek warstwowan nieckowatych do war-
stwowan skodnych typu mikrodelt. Pierwsze z nich
wystepuja w goérnych partiach basenu i wskazujg na
przewage agradacji, drugie przewazaja w dolnych
partiach basenu i sugeruja przewage przerabiania daw-
niej zlozonych osadéw nad agradacja (Ore 1963).
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PLATE I
PLANSZA 1

1—5. Imbrication, pebble clusters, and broken quartz rounds (photo 5) on emerged
portion of the Lesk Creek Mouth Bar (see fig. 2 for location). In all the photos,
downstream is to the right. Notc imbricated brick in photo 2

Imbrykacja, skupienia zimbrykowanych otoczakéw i otoczaki rozlupane pod-
czas transportu (otoczak kwarcu na fot. 5) na wynurzonej czesci lachy zwirowej
przy ujéciu Lesku do Bobru (lokalizacja jak na fig. 2). Na wszystkich zdjeciach
kierunek pradu jest z lewa na prawo. Na fotografii 2 widaé zimbrykowng cegle

6. Imbrication in gravel-floored portion of the lateral chute (see fig. 2 for loca-
tion). In the central portion of the chute, platy pebbles dip directly into the
orienting current, while typical of side portions is the oblique upcurrent imbri-
cation. View is upstream
Imbrykacja w wyscielonej zwirem czeéei bocznego koryta typu ,lateral chute”,
(lokalizacja jak na figurze 2). W §rodkowej partii koryta otoczaki ptagkie zapadaja
pod prad, podczas gdy w bocznych partiach typowa jest skosna podpradowa
imbrykacja. Widok pod prad
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Andrzej Karol TEISSEYRE — Pebble fabric in braided stream deposits with examples from Recent
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PLATE II
PLANSZA 11

I. Exposure no. 87S, view from the north-west. Lubomin Formation, see figure 25a
for location. Note thick units of gravel filling asymmetrical high-sinuosity channels.
Channels labelled I, II, and III are illustrated and deseribed in the text

Odsloniecie 878, widok z poélnocnego zachodu. Kulm z Lubomina, lokalizacja jak
na figurze 25a. Widoczne sa grube zwirowe jednostki sedymentacyjne wypelniajgce
asymetryczne koryta o duzej kretosci. Koryta oznaczone I, I1i 111 sy zilustrowane
i opisane w tekseie

2. Showing pool gravels (G) and gravelly point-bar deposits (I’B) in the channel
labelled I11. Seen in the left portion of the photo is part of the left concave bank
of the channel in question. Note crossbedding in the point-bar deposit. Palcocurrent
was to the south (away from the viewer). Sce figure 25a for interpretation
Zlepienee glebi meandrowej (¢) i zwirowe osady lachy meandrowej (PB) w koryecic
I11. 7 lewej strony zdjecia widaé czesé¢ lewego, wkleslego, erodowanego brzegu
koryta. W osadach lachy meandrowej widaé warstwowanic skosne. Paleoprad ply-
nal ku poludniowi (od obserwatora). Interpretacja jak na figurze 25a
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PLATE III
PLANSZA III

1. Cross-stratified point-bar deposits in the channel III. Note inclined scoured surface
of the right convex bank (arrow). At the level of 25 e¢m above the hammer head,
the structure is truncated by another channel-fill deposit. See plate I, 2 for location.
10-cm scale on the hammer handle
Skosnie warstwowany osad lachy meandrowej koryta II1I. Widoczna jest nachylona,
rozmyta powierzchnia prawego, wypuklego brzegu (strzatka). Okolo 25 cm powyzej
mlotka struktura jest Scieta przez inny osad korytowy. Lokalizacja jak na planszy
II, 2. Na milotku skala co 10 em

2. Pool gravel in the channel II (sec fig. 25a for location and fig. 250 for pebble fabric
diagram)

Zwir gltebi meandrowej koryta II (lokalizacja jak na fig. 25a). Diagram orientacji
otoczakdéw przedstawia figura 25b
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PLATE 1V
PLANSZA IV

1, 2. Showing portion of the left cut bank (photo 1) and the bottom portion (photo 2)
of the high-sinuosity Kulm channel illustrated in the lower left-hand corner of
figure 27a. Pebble fabric of the pool conglomerate shown in photo 1 is given in
figure 27b. Sec figure 27a for location. Each segment of the rule is 20 ecm long
Fragment lewego, podcinanego brzegu (fot. 1) oraz partii dennej (fot. 2) koryta
przedstawionego w lewym dolnym rogu figury 27a. Ulozenie otoczakéw w zwi-
rach glebi meandrowej, pokazanych na fotografii 1, przedstawia diagram na
figurze 27b. Lokalizacja jak na figurze 27a. Kaidy odcinek caléwki ma 20 cm
dlugosei
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