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Abstract: The Lgota beds (Albfan) of the Carpathian Flysch contain thin
lenticular beds of fine-grained sandstone, siltstone and spongiolite with cross-la~
mination, concentrations of heavy minerals in individual laminae and good sorting.
These beds are intercalated in clayey shales alternating with turbidite sandstones.
The lenticular beds are regarded as deposits of deep-sea traction currents. The
relation of the ancient traction currents deposits to recent contourites is discussed.
A general term ,tractionite” is suggested for ancient traction currents deposits.
alternating with turbidites.

INTRODUCTORY REMARKS

Small-scale cross-lamination is common in some lithostratigraphic
units of the Carpathian Flysch, and an early paper dealing with this ty-
pe of sedimentary structures was published by Ksigzkiewicz (1974).
With the advent of the turbidity currents theory it has been recognized
that small-scale cross-lamination can be produced by turbidity currents.
Since the paper by Kuenen and Carozzi (1953) small-scale cross-
lamination in Flysch rocks was usually attributed to the action of tur-
bidity currents. ’ :

Research on recent sediments brought evidence of other important
mechanisms of transport and sedimentation in deep-sea basins (the term
deep-sea is used here for basins with bottom lying below the neritic
depth range). The importance of geostrophic thermohaline contour cur-
rents for transport and deposition of fine-grained detrital sediments has.
been recognized (Heezen et al. 1966, Schneider et al. 1967). Earlier
fine sand layers with cross lamination accentuated by heavy minerals:
concentrations were described in Recent sediments of the North Atlan-
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tic Ocean (Heezen and Hollister, 1964). These sediments were re-
garded at first as turbidite deposits, but later their origin due to cur-
rents of thermohaline circulation has been recognized. Hollister and
Heezen (1972) introduced the term ,,contourite” for fine sand and silt
layers deposited by thermohaline geostrophic currents deflected by the
Corolis force againts the sides of the basin and flowing parallel to the
contour lines across the bottom slope.

Detailed characteristics of modern contourites and criteria for their
distinction from turbidites were given by Bouma (1972a) and Bouma
and Hollister (1973).

Since some years students of flysch rocks discussed generally the im-
portance of bottom currents for sediment transport and deposition in

.ancient deep-sea basins (Walton 1967, with references to earlier pa-

pers, Wezel 1970, Muttiand Ricci Lucchi 1972, Bouma 1972
a,b). A well documented description of tradtion current deposits alternat-
ing with turbidite beds was given by Ballance (1964), while B o-
u m a (1972a) published an account of possible ancient contourites.

This paper presents a description of rocks, which, in the opinion of
‘the writer, can be regarded with high probability as ancient sediments

-of bottom traction currents. The possibility of their deposition by ancient

geostrophic contour currents is discussed.

TURBIDITES AND TRACTION CURRENTS DEPOSITS
IN THE LGOTA BEDS

Turbidites
The Lgota beds of Albian age (Bieda et. al. 1963), form a wide-

‘spread lithostratigraphic unit in the Silesian Series of the Carpathian

Flysch. The sedimentological characters indicate, that the Lgota beds con-

'sist predominantly of turbidites (Unrug 1959). Lithologically the Lgota

beds are composed of alternating sandstones and shales. The sandstones

‘are coarse- to fine-grained, thick-bedded to thin-bedded, graded, lami-

nated, and cross laminated. The stratification structures follow the or-
dered pattern typical for turbidite beds, and full sequences of Boum a’s
(1962) divisions, as well as base-truncated and top-truncated sequences
are present in the sandstone beds. The sandstones contain calcareous and
clay matrix, the latter being concentrated in dark laminae. Some coarse-

—grained lenticular beds with graded bedding and erosional  base con-

tacts were interpreted as channelized deposits of turbidity currents. (U n-

Tug 1959).
In the upper division of the profile of the Lgota beds — Galled the
Mikuszowice Cherts — the sandstones contain much biogenic silica in

the form of opal and chalcedony cement and spongiolite chert bands with-

4in the sandstone beds.
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The sandstones of the Lgota beds are alternating with dark grey and
greenish clayey shales, containing foraminiferal assemblages indicating
an upper bathyal depth range of the sea floor (Ksigzkiewicz 1975).

The general character of facial development falls into the category
of facies C — sandstones with shale interbeds, and facies D — shales
with sandstone interbeds of Mutti and Ricci Lucchi (1972). The
association of these facies is indicative of outer fan environment.

Traction currents deposits

Already in 1959 the present author noted in the Lgota beds the
presence of very thin-bedded sandstones with small-scale cross-lamina-
tion as the only sedimentary structure. These beds were then interpre-
ted (Unrug 1959), in terms of rate of deposition from diluted tails of
turbidity currents. A recent re-examination of exposures of the Lgota
beds in quarries at Kozy, Kaczyna and Lanckorona (Fig. 1) in the west-

s/
/
v ; Y% // 7
/
Va4 / /
T Y / / VY / / / ,
_ AN s VAV,
B 3 X/f//;//a \:\{{l////;;////////;/é//////////////j/
AN A ’/ / AN
/ U ¢ > / /")
) ———— | YY)
./
775 | — i
(@] 20 4Okmi—/——7
1 6 [ - — {‘_7,_;_—__[
S ——
=7 O
Fig. 1. General map of occurrences of the Lgota beds in the western Polish Car-
pathians. 1 — Sub-Silesian nappe; 2 — Silesian nappe; 3 — generalized areas of

outcrops of the Lgota beds, 4 — Fore-Magura nappe; 5 — Magura nappe; 6 —
Pieniny Klippes Belt; 7 — Inner Carpathians

Fig. 1. Mapa wystepowania warstw lgockich w zachodniej czefei polskich Karpat

fliszowych. 1 — Plaszczowina pods$laska; 2 — plaszczowina §laska; 3 — zgenerali-

zowane obszary wystepowania warstw lgockich; 4 — luska przedmagurska i jed-

nostka okienna; 5 — plaszczowina magurska; 6 — pieninski pas skalkowy; — 7
Karpaty wewnetrzne
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ern part of the Polish Carpathians provided evidence of the occurrence
of beds with textural and structural features considered typical for deep-
sea traction currents deposits.

Bedding

The sandstone and siltstone beds regarded as traction currents depo-
sits form lenticular beds in the shales alternating with turbidite sandsto-
nes. The lenticular beds have maximum thicknesses in the range of a few
milimetres up to 5 cm, and are from 20 cm up to 2 m long. Lenses c. 50
cm long are most frequent. As a rule several lenses in the same horizon
can be seen in large exposures in quarry faces (Plate I Fig. 1). Both the
base and the top contacts of these beds are sharp, and only in rare ca-
ses gradational contacts with overlying siltstone are present (Plate II,
Fig. 1, Fig. 2, Plate III, Fig. 1).

A

Fig. 2A. Small-scale cross-lamination in lentlicular beds of fine grained sandstone

and sil{stone. Lgota beds, quarry at Kozy. B. Small-scale cross-lamination and

horizontal lamination in lenticular bed of spongiolite. Upper part of Lgota beds
»Mikuszowice Cherts), quarry at Lanckoriona .

Fig. 2A. Laminacja przekatna matej skali w soczewkowych warstwach piaskowca

drobnoziarnistego i muloweca, Warstwy lgockie, kamieniotom w Kozach. B. Lami-

nacja przekgtna matej skali i laminacja pozioma w soczewkowej warstwie spongio-
. litu. Rogowce mikuszowickie, kamieniolom w Lanckoronie
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Stratification structures

Small-scale cross-lamination is present in all lenticular beds. In some
cases it is ‘associated with horizontal lamination (Fig. 2). The cross-la-
minae are often marked by concentrations of heavy minerals, in most
cases one grain thick (Plate IV Fig. 1) and more rarely dispersed within
the whole thickness of a lamina. In siltstone lenses mica flakes are ar-
ranged parallel on the surfaces of cross-laminae.

o0& O

cm
Fig. 3. Superposed ripples in lenticular beds of fine-grained sandstone. Lgota bed,
quarry at Kaczyna

Pig. 3. Nakladajace sie riplemarki w soczewkowych warstwach driobnoziarnistego
piaskowca, Warstwy lgockie, kamieniotom w Kaczynie

The lenticular beds consist of single sets or of cosets of cross-lami-
nae (Fig. 2). The one-set beds form often single ripples. In some cases
the ripples are superposed and imbricated, smoothing the irregularities
of the depositional surface (Fig. 3). In such cases the cross-lamination in
the lower ripples is usually load deformed.

Another type of deformations of the cross-laminated lenticular beds
consists in disruption of continuity of the beds, and formation of short
lenses not exceeding 10 cm in length. The lenses are load deformed and
imbricated, while the sets of cross-laminae are deformed into more or
less complicated recumbent folds (Fig. 4). This type of deformations is
attributed to the action of current drag upon sand fluidized or liquefied

3 — Rocznik PTG XLVII/3



— 360 —

?///“5‘)77\7

Fig. 4. A. Lenticular bed disrupted into short imbricated lenses with deformed la-

mination. Lgota beds, quarry at Kozy. B. Lamination deformed into recumbent

folds in short lens of spongiolite. Upper Lgota beds (Mikuszowice Cherts) quarry
at Lanckorona.

Fig. 4. A. Soczewkowa warstwa mulowca rozerwana na krotkie soczewki luskowo

ulozone, ze zdeformowang laminacjg. Warstwy lgockie, kamiemiolom w Kozach.

B. Lamm‘a'cga przekgtna matlej skali zdeformowana w faldy lezgce, w krotkiej so-
czewce spongiolitu. Rogowce mikuszowickie, kamieniotom w Lanckoronie

by earthquake shock (Allen and Banks 1972). All three types of de-
formations of cross-laminae described by these authors occur in the de-
formed sandstone lenses of the Lgota beds.

Sedimentary material

In the lower and middle division of the profile of the Lgota beds the
lenticular beds are composed of fine-grained sandstone and coarse silt-
stone. The maximum grain size present in the individual beds range from
0,2 mm to 0,01 mm. Sorting of the detrital framework grains is good to
very good, the ratio of the largest and smallest grain diameter in indi-
vidual beds ranging from 4 to 2. The sandstones contain very little mud-
dy matrix. The cement is calcareous, and in some laminae rhomboedric
crystals of ferrous dolomite (ankerite) are numerous.

The sandstones and siltstones are composed of quartz, rare glauconi-
te (present only in sandstones), heavy minerals and foraminiferal cham-
bers and whole tests filled with pyrite.

Within the upper division of the Lgota beds i.e. in the Mikuszowice
Cherts — the petrographic character of the lenticular beds is different.
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They are composed of sponge spicules, foraminiferal single chambers and
whole tests, and contain very little if any terrigenous material. The
sponge spicules display a strongly marked preferred orientation, differing
in individual cross-laminae.

The terrigenous material, if present, is concentrated in separate la-
minae rich in heavy minerals and containing also some quartz. Someti-
mes the purely biogenic laminae contain concentrations of foraminiferal
chambers and whole tests filled with pyrite. These chambers and tests
probably were already filled with pyrite at the time of deposition and
behaved hydraulically like heavy minerals.

Directions of traction currents

In one of the examined quarries — at Kozy — exposure conditions
permitted to take 10 measurements of directions of cross-laminae in the
lenticular beds. Six out of ten measured directions of dip. of cross-lami-
nae are roughly perpendicular to the regional palaeocurrent direction of
turbidity currents which is very constant in this exposure and has an
azimuth of 110° (Fig. 5).

(¢]

1O

Fig. 5. Directions of bottom traction palaeocurrents as indicated by azimuths of
dip of cross-laminae. Direction of turbidity palaeocurrents — 110° indicated by
sole markings of turbidite beds. Ligota beds, quarry at Kozy.

Tig. 5. Kierunki dennych pradow trakcyjnych wskazywane przez azymut nachylenia

lamin przekatnych. Kierunek pradow zawiesinowych — 110° na podstawie azymutu

jamek wirowych i $ladéw wleczenia na spagowych powierzchniach rawic turbidi-
towych. Warstwy lgockie, kamieniotom w Kozach.

Features diagnostic for traction currents deposits

To summarize, the described lenticular beds display the following
features regarded as diagnostic for traction currents deposits (compare
Bouma 1972a,Bouma and Hollister 1973):

3%
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— accumulation of detrital and biogenic (sponge spicules, foraminifers)
material in the form of lenses and ripples,
— sharp base and top contacts of the lenticular beds (for rare cases of
gradational top contacts see discussion in the following paragraph),
— small thickness of beds, rarely exceeding 5 cm, and often inferior to
1 cm,
— grain size in the very fine sand and silt grades,
— well developed grain orientation, visible especially in the case of
sponge spicules, ,
— good sorting of the terrigenous and biogenic material,
— absence of clay matrix; mica flakes associated with silt grades only,
— concentrations of heavy minerals and heavy, pyrite-filled foramini-
feral tests and chambers in individual laminae,
— stratification structures restricted to cross-lamination and horizontal
lamination,
— no fixed vertical order of stratification structures,
— purely biogenic material (sponge spicules, foraminiferal chambers
and tests) in some beds, showing grain orientation, cross-lamination and
accumulation in the form of lenses and ripples.

It is' concluded therefore, that the discussed beds, forming intercala-
tions in clayey shales alternating with turbidite sandstones were depo-
sited by bottom traction currents and not by turbidity currents.

SPECIAL CASES: SEDIMENTATION FROM NEPHELOID LAYER,
REWORKING OF TURBIDITE SAND LAYERS BY BOTTOM TRACTION
CURRENTS

Some of the beds, usually less than 1 cm thick, are consisting of al-
ternating dark and light laminae. The light laminae are composed of well
sorted very fine-grained sandstone and often contain concentrations of
heavy minerals. The dark laminae contain abundant clay matrix. Hori-
zontal lamination is common in such beds and the top contacts are sharp,
or often gradational.

It is suggested that in such beds the clay-rich laminae (Plate IV Fig.
2) and gradational top contacts do not indicate deposition by turbidity
currents, but rather were formed by settling of clay from a bottom
nepheloid layer containing clay-sized particles in suspension, as describ-
edby Ewing and Thorndike (1965), and moved by a traction cur-
rent. It is supposed that the clay suspension of the nepheloid layer in
Tecent oceans is formed by injection by turbidity currents (Eittreim,
Ewingand Thorndike 1969). Thus is logical to assume the presence
of a mepheloid bottom layer in the sedimentary basin of the Lgota
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beds, where the action of turbidity currents was constantly repeated.

1t is also possible that clay flocules and pellets formed by the action
of benthic animals were transported by traction currents together with
the very fine sand grains.

Many beds of turbidite sandstone of the Lgota beds contain the di-
vision of small-scale cross-lamination (division C in the scheme of Bou-
ma 1962). These beds contain more clay matrix and have coarser grain
and poorer sorting than the lenticular beds of traction currents deposits.
However, in some beds the division of small-scale cross-lamination con-
sist of well sorted, fine grained sandstone or coarse-grained siltstone,
with no clay matrix and concentrations of heavy minerals in individual
laminae. '

Sets of cross-laminae with these textural characters are occurring in
beds with two types of patterns of sedimentary structures:

— in thin and medium beds consisting of sets of cross-laminae and sets
of horizontal laminae, alternating with no fixed order,

—_ in thin and medium beds always at the top of the bed above the grad-
ed and/or horizontally laminated division (Plate III, Fig. 2).

In the first case the whole, or most of the bed is probably a deposit
of traction current, possibly formed by interaction of traction currents
and diluted tails of turbidite currents, or dense nepheloid layers.

In the second case, the cross laminated division is interpreted as the
result of reworking of turbidite sand layer by bottom traction current.

COMPARISON OF ANCIENT TRACTION CURRENTS DEPOSITS AND RECENT
CONTOURITES

In recent literature deep-sea traction currents deposits associated
with turbidites are attributed to the action of geostrophic contour cur-
rents (Bouma 1972 a, b, Bouma and Ho 1lister 1973). Certainly
these two types of sediments were deposited in Quarternary times in
the North Atlantic. However the problem of actualistic approach to an-
cient traction currents deposits deserves a critical discussion.

The recent contour currents of the Atlantic and other oceans are the
result of thermohaline circulation controlled by climatic and morpholo-
gic factors. In the Atlantic (Ocean they are due directly to the dense and
cold masses of Artic Bottom Water in the Western Boundary Undercur-
rent and of the Antarctic Bottom Water in the Antarctic Bottom Current
(for good reviews of deep-sea currents see Neumann and Pier-
son 1966, Hollister and Heezen 1971).

In the case of the described traction currents deposits in the Ligota
beds, the problem of palaemorphologic and palaeoclimatic conditions in-

luencing the bottom palaeocurrents system in the Thetys Ocean remains
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an open question. According to Bouma and, Hollister (1973) bot-
tom circulation of contour currents should be expected in any large ba-
sin (at least 300 x 500 miles = c. 500 x 900 km), whose waters are not
topographically contained and which has a source of heavy water. In spite -
of the crustal shortening of the geosynclines of the Alpine belt it seems
certain that the Thetys Ocean was elongated East-West, and there-
fore it is unlikely that polar regions could supply heavy water in Early
Cretaceous times. Although the Atlantic Ocean was already opened and
connected with the Thetys Ocean, it is not sure whether its dimensions
and climatic contrasts of high latitude and low latitude regions were suf-
ficient to create strong bottom currents circulation. However it is pos-
sible that a source of heavy water due to evaporation and increased salt
concentration existed in the low latitude region of the Thetys Ocean. The
northern part of the Early Cretaceous Thetys Ocean formed probably
one major basin with relatively uniform sedimentary environment, as in-
dicated by remarkable similarities in lithological development of Lower
Cretaceous Flysch sequences throughout the Carpathians and in the Cau-
casus (Ksigzkiewicz 1962, 1973). This leads to the idea that ther-
mohaline circulation currents could flow over very large distances in
this basin.

It should be also taken into consideration that recent currents are
flowing at depth of 3000 m to 5000 m (Heezen et al. 1966), while the
latest estimates of the depth of deposition of the Flysch rocks of the
Carpathians indicate smaller depth — in the range of the upper bathyal
zone (Ksigzkiewicz 1975). If this depth range is assumed, the direct
action of large surface currents on the bottom of deep-sea basins should
also be considered. The recent Gulf Stream is transporting detrital ma-
terial in depth exceeding 500 m on the Blake Plateau (H eezen et al
1966, Fig. 1).

In the Lgota beds the traction currents deposits occur between and
at the top of turbidite beds. A support for the hypothesis of contourite
nature of the traction currents deposits in the Lgota beds seems to be
provided by the contrast in palaeocurrents directions in the turbidite
beds and a major part of the lenticular beds (Fig. 5). If it is assumed
that turbidity currents flowed downslope to the East-South-East, it would
follow that the traction currents flowing to the North-East were mov-
ing across the slope. However some traction currents flowed in the same
direction as the turbidity currents. As the present amount of data
is small, it would be unwise to rely too heavily on this line of evidence
until more observations are collected.

On the other hand, in recent oceans turbidites are deposited on gen-
tly sloping submarine fans and flat submarine plains, while contourites
are deposited on the relatively steeper sloping continental rise and are
absent on the flat abyssal plains (Heezen et al. 1966), because of the
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dynamics of the geostrophic contour currents. The structure and origin
of the continental rise is a debatable matter and some authors consider
it as deposited principally by contour currents (Heezemn et. 1966), while
others stressed upon the importance of slump deposits (Emery et al.
1970). Although there are probably important differences between ancient
Flysch basins and Recent oceans — it can be said that deposition of turbi-
dites tends to produce gently sloping or flat accumulation surfaces which
are not the site of deposition of sediments by contour currents. The des-
cribed Ligota beds were deposited in the outer fan environment. It is not
known whether the slope of the fan surface was comparable to that of
the recent continental rise.

In the opinion of the writer, the presented data indicate that the
deposition of lenticular fine-grained and cross-laminated thin beds, in-
tercalated in the shales alternating with turbidite sandstones in the Lgo-
ta beds, can be attributed to the action of deep-sea traction currents.
These currents could also rework the top surfaces of layers of turbidite
sands. Tt is not certain whether these currents could be compared directly
to recent geostrophic contour currents. However it seems probable that
some kind of thermohaline circulation was involved in the generation of
these traction currents.

For these reasons the use of the term ,contourite” would be ina-
propriate in the case of the described deposits of the Lgota beds. The
more general term ,traction currents deposits” is preferred. If- a one-
word term is really needed, the writer would suggest the name ,tractio-
nite” 1 for deposits of traction currents, as opposed to ,,turbidite” — depo-
sits of sediment-laden turbidity currents. The contourites should be con-
sidered then as a special case of tractionites. At present there are no clear
cut criteria for distinguishing ancient contourites within tractionite depo-
sits. Criteria permitting such a distinction will be probably based upon
palaeogeographical consideration rather than upon textural and struc-
tural characters of the ancient sediments, which are likely to be similar
in all types of tractionite deposites.

Coordinated research on traction currents deposits and on the rela-
tion of traction palaeocurrents systems to turbidity palaeocurrents sys-
tems in various parts of the Thetys domain are urgently needed. More
data on traction palaecocurrents systems would certainly provide a better
understanding of the complex palaeogeography of ancient Flysch basins
in the Alpine fold belt.

Specimens pertaining to this study are housed in the Geological Mu-

1 Note added in print: After this paper has been submitted for publication
Dr Franco Ricei Lucchi (University of Bologna) pointed out to the author that
the term ,tractionite” is inappropriate for determination of deep-sea traction cur-
rents deposits, as it hag been used earlier in another meaning by M.L. Natland.
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seum, Institute of Geological Sciences, Jagellonian University: UJ 12 —
thin sections, UJ 13M — rock samples. ,

The author expresses his thanks to Professor M. Ksi azkiewicz
for discussion of the problem of traction currents deposits.

Institute of Geological Sciences Manuscript
Jagellonian University ‘ received X 1976,
-30-063 Krakéw, Oleandry 2a accepted XI 1976
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STRESZCZENIE

Warstwy lgockie skladajg sie z naprzemianleglych lawic piaskowcow
osadzonych przez prady zawiesinowe i lupkéw. W lupkach wystepujg po-
nadto nieciggle, soczewkowate, cienkie i bardzo cienkie lawice bardzo
drobnoziarnistych piaskowcéw i mulowcow, réznigce sie pod wzgledem
teksturalnym i strukturalnym od lawic pimskowcéw osadzonych przez
prady zawiesinowe.

Maksymalna grubosé¢ lawic soczewkowatych wynosi od kilku mm do
5 cm. Dlugo$¢ soczewek zmienia sie w granicach od kilkunastu cm do 2
m, najczesciej wynosi okoto 50 cm. Powierzchnie spagowe i stropowe sag
ostre. Soczewki sg laminowane i zawierajg jeden lub wiecej zestawéw la-
min przekatnych matej skali (Fig. 2). Niekiedy soczewki takie zachodzag
luskowo na siebie (Fig. 3). Nizej lezgce soczewki majg woéwczas laminy
zdeformowane przez obcigZenie. Wystepuja tez deformacje polegajace na
rozerwaniu cigglosci soczewek i pofaldowaniu lamin przekatnych (Fig.
4). Deformacje tego typu sg przypisywane oddzialywaniu pradu trakcyj-
nego na osad uplynniony np. wskutek wstrzasu sejsmicznego.

Fawice soczewkowate zbudowane sg z materialu bardzo drobnoziarni-
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stego, dobrze wysortowanego. Itowa masa wypelniajgca (matrix) wyste-
puje w bardzo niewielkiej ilosci lub jest calkowicie nieobecna. Spoiwo
jest wapniste, niezbyt obfite. Laminacja przekatna podkres§lona jest kon-
centracjami mineraléw ciezkich, czesto o grubosci jednego ziarna. Skiad
mineralny cienkolawicowych piaskowcow i mulowcéw obejmuje: kwarc,
mineraly ciezkie, glaukonit. Wystepujg tez skorupki otwornic i ich po-
jedyncze komory, czesto wypelnione pirytem.

- W rogowcach mikuszowskich stanowigcych goérny oddziat warstw
lgockich lawice soczewkowate zbudowane sg ze spikul gabek wykazujg-
cych wyrazng orientacje, roéznigcg sie w poszczegdlnych laminach. Mate-
rial terygeniczny jest najczesdciej catkowicie nieobecny, a jesli wystepu-
je, to skoncentrowany jest w pojedynczych laminach zawierajgcych
kwarc i wzbogaconych w mineralty cigzkie. Laminy czysto biogenicznego
materialu zawierajg niekiedy koncentracje skorupek i pojedynczych ko-
moér otwornic wypelnionych pirytem. Te skorupki i komory byly praw-
dopodobnie wypelnione pirytem juz w chwili-ich transportu i zachowy-
waly sie hydraulicznie podobnie jak ziarna mineraléw ciezkich.

Wymienione obserwacje cech teksturalnych i strukturalnych wskazu-
ja, ze opisywane soczewkowate lawice nie byly osadzone przez prady
zawiesinowe, lecz przez prady trakcyjne.

W niektérych lawicach soczewkowatych wystepujg dwa typy lamin:
laminy wzbogacone w mineraly ciezkie i laminy wzbogacone w ilowsg
matrix. Jest mozliwe, ze matrix itowa tych lamin osadzana byta z przy-
dennej warstwy nefeloidalnej. :

Niektore lawice piaskowcéw osadzone przez prady zawiesinowe za-
wierajg w swej stropowej cze$ci zestawy lamin przekgtnych zbudowane
z dobrze wysortowanego bardzo drobnoziarnistego piaskowca lub mutow-
ca. Niektére laminy wzbogacone sg w mineraly ciezkie. Te zestawy la-
min prawdopodobnie zostaly utworzone przez dzialanie dennego pradu
trakcyjnego na material osadzony przez prad zawiesinowy.

W literaturze istnieje tendencja do przypisywania genezy kopalnych
glebokowodnych pradéw trakcyjnych dzialalnosci geostroficznych pra-
déw cyrkulacji termohalinowej plynacych wzdluz izobat, analogicznych
do pradéw plynacych wzdluz podniesienia przedkontynentalnego w Oce-
anie Atlantyckim. Zdaniem autora nie mozna poréwnywaé $cisle dennych
pradéw trakeyjnych istniejgcych w basenie sedymentacyjnym warstw
Igockich ze wspélczesnymi pradami geostroficznymi. Przeciwko takiemu
bezposredniemu poréwnaniu przemawiajg argumenty paleogeograficzne,
paleobatymetryczne i érodowiskowe. Denne prady trakcyjne w basenie
sedymentacyjnym warstw lgockich zwigzane byly zapewne z cyrkulac-
ja termohalinows, jednak odmiennego typu niz we wspolczesnych oce-
anach, gdzie w pradach geostroficznych przenoszone sg masy zimnych
i ciezkich wod z wysokich szerokosci geograficznych. Nie mozna tez wy-
kluczyé oddziatywania wielkich pradéw powierzchniowych na dno base-

&
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nu sedymentacyjnego lezacego w zasiggu goérnej czesci strefy batialnej.

Dlatego stosowanie terminu ,konturyt” dla okreslenia kopalnych osa-
déw glebokomorskich pradéw trakcyjnych wydaje sie nieuzasadnione,
nie ma bowiem mozliwoséci stwierdzenia, czy te prady trakcyjne byly ge-
ostroficznymi pradami ,konturowymi” plyngcymi wzdluz izobat. Odpo-
wiedniejszy wydaje sie termin ,,0sad glebokowodnego pradu trakcyjne-
go” lub dla krétkosci: ,,trakcjonit” — przez analogie do okreSlenia ,tur-
bidyt”. '

Materialy do niniejszej pracy przechowywane sg w Muzeum Geolo-
gicznym Instytutu Nauk Geologicznych Uniwersytetu Jagiellonskiego,
nr kolekcji: UJ12 (ptytki cienkie), UJ13 M (okazy skal).

Instytut Nauk Geologicznych
Uniwersytetu Jagiellofiskiego
30-063 Krakow, Oleandry 2a

EXPLANATION OF PLATES
OBJASNIENIA TABLIC

Plate I — Tablica I

Fig. 1. Alternating turbidite sandstones (A) and shales with thin lenticular beds
of traction currents deposits (B and C, all scales in cm). Lgota beds, quarry
at Kozy. Phot. R. Unrug.

Fig. 1. Naprzemianlegle lawice piaskowcéw osadzanych przez prady zawiesinowe
(A) i lupkéw zawierajgcych cienkie soczewkowate wkladki osadéw dennych
pradéw trakeyjnych (B 1 C, wszystkie podziatki w cm). Warstwy lgockie,
kamieniotom w Kozach. Fot. R. Unrug.

Plate II — Tablica II

Fig. 1. Very thin lenticular siltstone beds in shales. All scales in cm. Bed A
consists of isolated ripples. Lgota beds, quarry at Kozy. Phot. R. Unrug.

Fig. 1. Bardzo cienkie soczewki mulowca w tupku. Wszystkie podziatki w cm. Wiar-
stwa A sklada sie z izolowanych riplemarkéw mutowcowych. Warstwy lgoc-
kie, kamieniolom w Kozach. Fot. R. Unrug.

Fig. 2. Lenticular bed of spongiolite (the diameter of the coin is 27 mm) between
thicker turbidite cherty sandstones and shales. The series is overturned,
pbasal contacts of beds at upper right. Upper Lgota beds (Mikuszowice
Cherts). Quarry at Lanckorona. Phot. R. Unrug.

Fig. 2. Soczewkowata lawica spongiolitu (érednica monety wynosi 27 mm) po-
miedzy grubszymi lawicami piaskowcow z rogowcami osadzonych przez pra-
dy zawiesinowe i lupkéw. Seria jest odwrécona. Rogowce mikuszowickie,
Kamieniolom w Lanckoronie. Fot. R. Unrug.

Plate III — Tablica III

Fig. 1. Very thin lenticular beds of traction current deposits in shales between
thicker turbidite sandstones (above and below rule — scale in cm). Lgota
beds, quarry at Kozy. Phot. R. Unrug.
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Bardzo cienkie soczewkowe lawiczki osadéw. dennych pradéw trakcyjnych
wér6éd lupkéw pomiedzy grubszymi lawicami piaskowcéw osadzonych przez
prady zawiesinowe., Warstwy lgockie, kamieniotom w Kozach. Fot. R. Unrusg.
Composite bed: turbidite (lower part, 19 cm thick) and traction current
deposit (upper part 7 cm thick) with sharp basal and top contacts (arrows).
Lgota beds, quarry at Kozy. UJ13M24, Phot. K. Fedorowicz.

Lawica ziozona: piaskowiec osadzony przez prad zawiesinowy (dolna cze§é
migzszoci 19 cm) i osad dennego pradu trakeyjnego (gérna cze§é miggszo§ci
7 em) z ostrymi powierzchniami granicznymi w spagu i stropie (strzabki).
Warstwy lgockie, kamieniotom w Kozach. UJ13M24. Fot. K. Fedorowlic z.

Plate IV — Tablica IV

Lamina with concentration of heavy minerals in well sorted very fine-grained
sandstone bed, 4 cm thick, with sharp base and top contacts. Thin section
UJ 12/9b. Lgota beds, quarry at Kozy. Phot. R. Unrug.

Lamina z koncentracjg mineratéw ciezkich w lawicy dobrze wysortowa-
nego, bardzo drobnoziarnistego piaskowca o migzszo§ci 4 cm. Plytka cienka
UJ 12/9b. Warstwy lgockie, kamieniotom w Kozach, Fot. R. Unrug,.

Well sorted laminae (at base and top), with concentration of heavy minerals
at base), separated by a lamina rich in clay (deposit of nepheloid layer?).
Very fine-grained sandstone with sharp base and top contacts, 2,5 cm thick.
Thin section UJ12/30. Lgota beds, quarry at Kozy. Phot. R. Unrug.

Dobrze wysortowane laminy, dolna z koncentracjy mineraléw ciezkich, roz-
dzielone laming wzbogacong w platki substancji itowej (osad warstwy nefe-
loidalnej?). Piaskowiec bardzo drobnoziarnisty z ostrg powierzchnig spagu
i stropu, miagzszo§ci 2,5 cm, Plytka cienka UJ12/30, Warstwy lgockie, ka-
mieniolom w Kozach. Fot. R. Unrug.
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