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Abstract: The Nienadowa Marl Member, composed mainly of various marly, mixed siliciclastic-marly, or
siliciclastic thin-bedded turbidites, is deeply burrowed by opportunistic Thalassinoides, Chondrites, Phycosiphon
and Scolicia. Ichnofabrics and the trace fossil assemblage indicate well oxygenated environment. Relatively low
ichnodiversity is probably related to opportunistic burrowers influenced by possible eutrophy and strong sediment
heterogeneity, as well as to preservational potential. Ichnofabrics and trace-fossil tiering patterns are different in
the basinal sections of the Nienadowa Marl Member and in the slope/shelf environment represented by marlstone
clasts in the coeval debris-flow deposits of the Czudec Clay. Thalassinoides penetrates deeper than Chondrites in
the proximal turbidites and shallower than Chondrites in the distal turbidites.

Abstrakt: Ogniwo margli z Nienadowej (og) zlozone jest gldwnie z réznorodnych, marglistych, mieszanych
silikoklastyczno-marglistych i silikoklastycznych, cienkotawicowych turbidytow. Utwory te sa gigboko zbiotur-
bowane i zawieraja oportunistyczne skamieniatosci sladowe: Thalassinoides, Chondrites, Phycosiphon i Scolicia.
Ichnofabric i zespot skamienialosci $ladowych wskazuja na $rodowisko dobrze natlenione. Stosunkowo niskie
zrdznicowanie ichnotaksonomiczne zwiazane jest z oportunizmem infauny penetrujacej w osadzie, przypusz-
czalnie powodowanym eutrofia, heterogenicznoscia sktadu petrograficznego osadu, oraz niskim potencjatem
zachowania skamieniatosci sladowych. Ichnofabric i skamieniatosci $ladowe réznig si¢ migdzy basenowymi
facjami reprezentowanymi przez ogniwo margli z Nienadowej (0g), a facjami sktonu i glgbszego szelfu, obecnymi
w klastach z rownowiekowych osaddw sptywow kohezyjnych (ity z Czudca). Thalassinoides penetruje glgbiej niz
Chondrites w facjach proksymalnych turbidytow, a plycej niz Chondrites w turbidytach facji dystalnych.
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ing of colour contrast. All the illustrated specimens are
housed in the Institute of Geological Sciences of the Jagiel-
lonian University in Krakow.

INTRODUCTION

Variability of trace fossil assemblages and ichnofabrics
in non-siliciclastic flysch deposits is very poorly known.
Probably, each flysch facies has its own trace fossil assem-
blage and style of ichnofabrics. However, the published data
suitable for comparison are very scarce.

GEOLOGICAL SETTING

The main aim of this paper is a presentation and inter-
pretation of a specific flysch trace fossil assemblage and
ichnofabrics from an Eocene mixed marly-siliciclastic thin-
and medium-bedded flysch deposits in four sections of the
Nienadowa Marl Member in the Skole Unit (Fig. 1). More-
over, marlstone clasts from debris-flow deposits of the par-
tially coeval Czudec Clay from the Wara section are in-
cluded in the study. Probably, the clasts derive from the ba-
sin slope or deeper shelf.

Almost all beds we sampled. The samples were cut and
polished. The polished surfaces have been oiled for improv-

The Skole Unit is composed of overthrusted folds and
thrust sheets, and it comprises an up to 7,000 m thick series
of various Lower Cretaceous—Miocene deposits (Ksiazkie-
wicz, 1977a; Kotlarczyk, 1988).

The Nienadowa Marl Member belongs to the Hierogly-
phic Formation (Eocene), which embraces various flysch
deposits (Fig. 2). The member is widely distributed and it is
a marker horizon though it displays strong facies changes. It
is 10-20 m thick in most sections. Exceptionally, it reaches
70 m (NE part of the Skole Unit), or disappears entirely
from the section (Rajchel, 1990).
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Fig. 1.  Location map (partially based on Rajchel, 1990)
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Fig.2.  Stratigraphic column of the Paleogene flysch deposits of
the Skole Unit (after Rajchel, 1990). Studied sections: W — Wara;
ZW — Zabratowka Wies; ZG — Zabratowka Gora; N — Nienadowa

The Nienadowa Marl Member is composed mainly of
various marly, mixed marly-siliciclastic, or siliciclastic tur-
bidites, which are commonly 5 to 30 c¢cm thick. The lower
and middle parts of the beds are hard. The upper parts of
beds, composed mainly of turbiditic-pelagic green calcare-
ous or muddy mudstones, are soft (Figs. 3-6).

The siliciclastic beds are composed of calcareous or cal-
careous-siliceous, fine- to medium-grained, quartz-glau-
conite sandstones. Some sandstone beds, especially in the
Wara section (Fig. 3), contain large amount of marly matrix
and biogenic silica, and subordinate glauconite. Such rocks
can be ascribed to gaizes. Weathered gaize beds are com-
monly strongly porous, because of leaching out of calcium
carbonate. Some sandstone beds contain horizons enriched
in coalified plant detritus.

In mixed siliciclastic-marly beds, hard, usually sili-
ceous, marlstone overlies the basal, sandstone, part of tur-
bidites, with a gradual passage. In some beds, the sandstone
part is absent, and the marlstone forms the hard parts of
beds. The marlstones are usually green and, less commonly,
brownish in colour. They contain various amounts of silica,
sometimes more than 60% of the rock mass. The silica-rich
marls pass locally to marly cherts. The silica seems to de-
rive, at least partially, from tests of radiolaria and sponge
spicules, which are common in the marlstones and shales.
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Lithological column of the Nienadowa Marl Member at Wara with the range chart of trace fossils and bioturbation
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Fig. 4. Lithological column of the Nienadowa Marl Member at
Nienadowa with the range chart of trace fossils and bioturbation.

For explanations see Fig. 3
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The upper parts of beds are composed of green, homo-
geneous, soft, calcareous mudstones, or even locally muddy
marlstones, except for the Zabratowka Wies section, where
non-calcareous mudstones occur at the tops of some beds.
Locally, the upper parts of the turbidites are hard and ce-
mented with calcium carbonate and/or silica, and welded
with the overlying bed (Fig. 5). Such layer forms a kind of
the so-called underbed sensu Ricken & Elder (1991). In sev-
eral cases, even a few turbiditic beds are welded together
and form one coherent layer.

The sandstone and marlstone parts of several beds dis-
plays Tb, Tc, Td, and rarely Ta Bouma divisions. The thicker
sandstone beds (10-30 cm) contain characteristic thick set
of parallel Tb lamination and very thin Tc division. In some
outcrops, 1.5 m-thick, parallel-laminated sandstone beds
have been noted, which, however, are beyond the studied
sections analysed in this paper. Beds are continuous within
the outcrops, and their soles are usually very even, usually
with poorly developed erosional structures. Only in the
Wara section, some beds display uneven soles or even
wedging out. In one case, a thick turbidite truncates erosion-
ally two thin underlying beds. Moreover, in the Wara sec-
tion, a small erosional channel crops out. It is filled with a
debris-flow deposit (Fig. 3).

The beds are commonly cracked, and the cracks and bed
surfaces are impregnated with mangane oxides. Generally,
the beds become lighter in colour towards the top.

In several sections, the Nienadowa Marl Member com-
prises intercalations or is replaced by debris-flow deposits
of the Czudec Clay, which are also present in other parts of
the Hieroglyphic Formation, but concentrate close to the
Nienadowa Marl Member (Rajchel, 1990). The Czudec
Clay, apart of different exotic pebbles supported by muddy
matrix, contains also fragments of marlstone beds or marl-
stone clasts, which are very similar to the marlstones from
the Nienadowa Marl Member, but usually less silicified, and
without the Bouma sequence and bedding planes. Probably,
they were deposited particle by particle on basin slope or
deeper shelf. The marlstone clasts were analysed in the
Wara section.

The Nienadowa Marl Member is dated at the Early/
Middle Eocene on the base of benthic foraminifers (Rajchel,
1990), and related to the uppermost part of the Saccami-
noides carpathicus Zone and to the lowermost part of the
Reticulophragmium amplectens Zone, according to Morgiel
& Szymakowska (1978), and Geroch & Nowak (1984). The
interval is correlated to the transition between the P9 and
P10 zones (Toumarkine & Luterbacher, 1985), and to
Buriella clinata through Theocotyle cryptocephala radio-
larians zones (Bak ef al., 1997).

SEDIMENTARY ENVIRONMENT

Probably, sedimentation of the Nienadowa Marl Mem-
ber deposits was strongly influenced by sediments in the
source area. Quartz-glauconitic sands and marly muds were
redeposited together in turbidity currents. Possibly, these
sediments, derived probably from different energy/bathy-
metric zones, have been mixed together on their way down-

slope. The non-calcareous pelagic shales in some beds in the
Zabratéwka Wies section (Fig. 5), suggest temporary depo-
sition close or below the CCD (cf. Hesse, 1975). Intercala-
tions or associations of debris-flow deposits indicate periods
of slope instability due to tectonic activity and/or eustatic
changes. It is not clear if the deposits accumulated in a deep-
sea fan, or tongue-shaped cover, or in some other deposi-
tional form. Nevertheless, some proximal/distal trend can be
recognized. It can’t be excluded that individual turbidites
contain more sand in the proximal part and more marl in the
distal part, similary to detrital carbonate turbidites (Mei-
schner, 1964; Einsele, 1991). Thus, it can be concluded that
the more sandy facies of the Wara section, with common
scouring, discontinuous beds, erosional channel, and asso-
ciation of debris-flow deposits, are more proximal than the
remaining deposits from the other studied sections.

TRACE FOSSILS

The following trace fossils were recognized: Chondrites
targionii, Palaeophycus isp., Phycosiphon incertum, Plano-
lites isp., Scolicia isp., ?Taenidium isp., ? Teichnichnus isp.,
and Thalassinoides suevicus. They have been observed on
parting surfaces and in polished slabs.

Chondprites targionii (Brongniart 1828) (Fig. 7A) occurs
as regularly branching tunnel systems consisting of flat-
tened, commonly slightly curved, cylinders, which ramify at
depth to form a dendritic network. Primary successive bran-
chings are well visible. The angle of branching is usually
sharp. The cylinders are 1.5-2.0 mm wide. Their filling is
commonly darker or lighter and more fine-grained than the
host rock. In cross-sections, groups of small spots occur
(Figs. 7F, 8A-D, 9A-B, 10A, C). They are interpreted as
Chondrites isp.

Palaeophycus isp. (Fig. 10C) is a horizontal to oblique,
thin-walled cylindrical trace fossil, about 2 mm wide, pre-
served in endichnial full relief.

Phycosiphon incertum Fischer-Ooster 1858 (Figs. 7C—
E, 8D, 9B) occurs in horizontal sections as small, planar,
light spreite lobes, bordered by a thin, dark-filled marginal
tunnel. The tunnel is 0.7-1.0 mm wide, and the lobes are
2-3 mm wide and up to 15 mm long. In cross-section, they
are visible as thin horizons of darker, elongate spots sur-
rounded by a lighter mantle, which were previously de-
scribed as Anconichnus horizontalis Kern (1978) that, in
turn, has been placed in synonymy with Phycosiphon incer-
fum (Wetzel & Bromley, 1994).

Planolites isp. (Fig. 10A, C) is a horizontal or subhori-
zontal, simple, cylindrical, unwalled burrow, preserved in
full relief, with structurless filling differing in lithology
from the host rock. The burrow is 3—-6 mm wide. Rarely, this
form is preserved in semi-relief on soles of beds.

Scolicia isp. (Figs. 7F, 8A, 10C) is a horizontal cylindri-
cal trace fossil, which is elliptical, slightly bilobated in cross
section. Its meniscate filling is well visible along the middle
part of the trace fossil in the longitudinal vertical section.
The trace fossil is about 25 mm wide and about 20 mm high
in cross section. Scolicia is produced by echinoids (Smith &
Crimes, 1983).
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Fig. 7. Trace fossils and examples of ichnofabrics from the Nienadowa Marl Member. Millimetric scale. A. Chondrites targionii; gaize
sandstones, horizontal parting surface, Wara, U25. B. Thalassinoides suevicus; gaize sandstones, horizontal parting surface, Wara, U19.
C. Phycosiphon incertum; siliceous marlstone, horizontal surface, Zabratowka Wies, W16. D. ?Thalassinoides isp.; Wara, marlstone,
Ul8. E. Thalassinoides (T) in totally bioturbated background, and Phycosiphon in thin horizons (*); siliceous marlstone, vertical
cross-section, Zabratdwka Wied, W16. F. Thalassinoides (T), Chondrites (C) and ?Scolicia (S) in totally bioturbated background;
glauconitic sandstone in the lower part, and siliceous marlstone in the middle and in the upper part; vertical cross-section, Zabratowka
Gora, 7228
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Fig. 8.  Examples of ichnofabrics from the Nienadowa Marl Member in vertical cross-sections. Millimetric scale. A. Scolicia (S),
Thalassinoides (T) and Chondrites (C) in totally bioturbated background. The cemented underbed in the lower part is composed of
sandstone overlaid by marlstone. Thalassinoides is filled with glauconitic sandstone piped from the overlying bed. Scolicia is filled with
glauconitic sandstone. The upper part of the bed is composed of totally bioturbated marlstone; Zabratéwka Gora, Z29. B. Chondrites ©)
and Thalassinoides (T) in siliceous marlstone. Background of the upper part is totally bioturbated: horizontal lamination is present in the
lower part; Nienadowa, N12. C. An underbed and two turbidites cemented together in a single layer. The turbidites are composed of thin
basal sandstone layer overlain by marlstone. The upper part of the marlstone is totally bioturbated. The larger spots in the upper turbidite
are cross-sections of Thalassinoides (T). The smaller spots and specks are Chondrites (C) traces; Nienadowa, N16. D. A turbidite with
underbed. Phycosiphon (P) in the upper part of the underbed. Thalassinoides (T) and Chondrites (C) are common in the upper, marlstone
part of the bed and rare in the lower, sandstone part of the bed; Zabratéwka Wies, W19
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Fig. 9. Examples of ichnofabrics from the Nienadowa Marl
Member in horizontal cross-sections. Millimetric scale. A. Tha-
lassinoides suevicus crosscut by small sandy pipes, which are
probably shafts of Chondrites. Lower surface of the underbed
illustrated in Fig. 8D; marlstone, Zabratowka Wies, W19. B. Phy-
cosiphon incertum (darker spots in light mantle) crosscut by Chon-
drites (light spots). The upper part of the same underbed illustrated
in Figs. 8D and 9A; marlstone, Zabratéwka Wies, W19

?Taenidium isp. (Fig. 10C) is a horizontal winding, un-
walled trace fossil, 7 mm in diameter. It is filled with darker,
meniscate sediment.

?Teichnichnus isp. (Fig. 10C) is an endichnial verti-
cally-stacked, unwalled spreiten structure, 6-8 mm wide,
and at least 20 mm long.

Thalassinoides suevicus (Rieth 1932) (Figs. 7B, 9A) is
a predominantly horizontal, more or less regularly branched,
essentially cylindrical, smooth, walled to unwalled, filled
burrow system. Individual tunnels are 6—-13 mm wide. Di-
chotomous Y-shape bifurcations, without enlargement at
points of bifurcation, are common. The fill is the same as the
host rock or is coarser- or finer-grained. Locally, in the
Wara section, the burrows are filled with a soft; green argil-
laceous substance, which locally impregnates also the bur-
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Fig. 10. Examples of ichnofabrics in marlstone clasts from the
debris-flow deposits of the Czudec Clay at Wara. Millimetric
scale. A. Smeared Thalassinoides (T), Planolites (P1) and Chon-
drites (C) in totally bioturbated background. B. Vague mottling in
totally bioturbated background. C. Thalassinoides (T), Planolites
(P1), Chondrites (C), Scolicia (S), Palaeophycus (Pa), ?Teichich-
nus (Te) and ?Taenidium (Ta) in totally bioturbated background

row wall. Occasionally, the filling displays meniscate struc-
ture. Rarely, this ichnotaxon is preserved in semi-relief on
beds sole. In cross-sections, Thalassinoides occurs as oval
spots (Figs. 7E-F, 8A-D, 9A, 10A, C). A single, meander-
ing, cylindrical trace fossil from the Wara section (Fig. 7D)
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is probably a fragment of Thalassinoides. This taxon is pro-
duced mainly by crustaceans (Bromley, 1996).

DISTRIBUTION OF TRACE FOSSILS
AND ICHNOFABRICS

Chondrites, Planolites and Thalassinoides occur in all
examined sections (Figs. 3—6). Phycosiphon is present only
in the Nienadowa and Zabratowka Wie$ sections, and
Scolicia occurs only in the Zabratéwka Gora section. Major-
ity of the trace fossils occur within beds as endichnia and
exichnia forms.

The soft mudstones or marlstones at the top of turbiditic
beds are totally bioturbated. In most cases, trace fossils are
not visible there in polished slabs, or only better visible
Chondrites and poorly contrasted Planolites locally occur
against bioturbated background. The bioturbated back-
ground is characterized by more or less distinct mottling ex-
pressed by colour changes. Only some underbeds display
more distinct trace fossils, including Chondrites, Planolites,
Thalassinoides and Phycosiphon (Fig. 9A-B).

The upper parts of the hard marlstone and sandstone
beds, below the mudstones, and the entire thin beds, display
totally bioturbated background (Fig. 8A-B). Common Pla-
nolites and Chondrites and less common Thalassinoides and
Phycosiphon occur in these parts of beds. Contours of trace

fossils are commonly smeared and their appearance is modi-
fied by diagenetic processes, mainly dissolution.

In the middle and lower parts of beds, commonly
thicker than 7-10 cm, except of some thin beds, primary
sedimentary structures are preserved. Trace fossils are there
absent or rare. Thalassinoides, Scolicia, Phycosiphon and
Chondrites represent there the locally encountered ichno-
taxa (Figs. 7E-F, 8A-D).

The soles of beds are only rarely covered with semire-
liefs of Planolites and undeterminable knobs, and more
rarely with semireliefs of Thalassinoides.

Locally, the fills of Thalassinoides and Planolites are
preferentially reworked by Chondrites. Planolites and
Chondlrites occur more commonly in fine-grained deposits.
Scolicia is associated with sandstones. Phycosiphon occurs
exclusively in marlstones. Thalassinoides does not show
any lithological preferences.

TIERING PATTERN

Burrows are formed at different levels (tiers) within the
sediment. Tiering patterns of some fossils in turbidite beds
and the overlying pelagic and hemipelagic deposits is usu-
ally recognized on the grounds of the toponomic position of
traces and their cross-cutting relationships (Wetzel &
Aigner, 1986; Uchman, 1991). However, in the case of deep
bioturbation in thin-bedded flysch this can be very
complicated, because some deeper trace fossils
extend to older turbidites (Uchman, 1995) and
overprint older ichnofabric. For this reason, such
forms as Chondrites can occur both in the lower
part of beds, where primary depositional struc-
tures are preserved, and in the totally bioturbated
uppermost part of beds (Figs. 7F, 8A-D, 11). Thus
application of the toponomic position to the rec-
ognition of tiering pattern is limited in deeply-bur-
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Fig. 11.  Toponomic position of Chondrites in turbiditic beds of different

thickness

€ Planolites

rowed thin-bedded flysch.

We observed several cross-cutting relation-
ships. Phycosiphon and Planolites are crosscut by
Chondrites and Thalassinoides. Thalassinoides is
crosscut by Chondrites. Scolicia is crosscut by
Thalassinoides and Chondrites. Thus Chondrites
crosscuts all other trace fossils. This suggests that
Chondrrites is the deepest trace fossil, analogically
as in the English Chalk (Bromley & Ekdale, 1986;
Ekdale & Bromley, 1991). However, in two thick
beds of the Wara section Thalassinoides occurs up
to 18 cm and Chondrites only up to 8 cm, down
from the eroded tops of the beds. This indicates
that Thalassinoides is deeper than Chondlrites.

Probably, the maximum penetration depth in
the investigated sections does not exceed 25 cm,
including compaction. Shallow tiers are occupied
by Scolicia, Phycosiphon and Planolites. Models
of tiering pattern in certain sections are shown in
Fig. 12.

The marlstone clasts from the Czudec Clay in
the Wara section contain three types of ichnofab-
rics (Fig. 10). The trace fossil tiering pattern in
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these rocks (Fig. 12) can be reconstructed on the base of
crosscutting relationships, similarly like in the Chalk (Ek-
dale & Bromley, 1991; Bromley, 1996).

In the first case, smeared Thalassinoides, Planolites and
Chondrites occur against totally bioturbated background
(Fig. 10). Trace fossils are elongated, probably owing to
creep of sediment, and deformed by solution seams. Chon-
drites crosscuts Thalassinoides and Planolites.

In the second case, only a vague mottling is visible in
totally bioturbated background (Fig. 10B). Some remnants
of darker laminae are present.

In the third case, Thalassinoides, Planolites, Chon-
drites, Scolicia, Palaeophycus, ?Teichichnus and ?Taeni-
dium occur against totally bioturbated background (Fig.
10C). Scolicia is crosscut by Thalassinoides, Planolites and
Chondrites. ?Taenidium is crosscut by Thalassinoides,
Chondrites and Planolites, though one Thalassinoides bur-
row is crosscut by ?Taenidium. Chondrites crosscuts ?Tei-
chichnus, Thalassinoides and Planolites.

DISCUSSION

Complex ichnofabrics and deep bioturbation are typical
of well-oxygenated environments (Bromley, 1996). Such a
situation occurs in the Nienadowa Marl Member, however,
its trace fossil community is much less diversified than in
most thin-bedded and oxygenated siliciclastic Eocene flysch
deposits (cf. Crimes, 1977; Ksigzkiewicz, 1977b; Leszczyn-
ski & Seilacher, 1991; Uchman, 1992; Tunis & Uchman,
19964, b). This concerns especially trace fossils occurring
on soles of turbidites. The discussed trace fossil community
is exclusively composed of a few common, mostly oppor-
tunistic ichnotaxa, i.e. Thalassinoides, Chondrites, Plano-
lites, Phycosiphon and Scolicia, where the first mentioned
three are most frequent. The low diversity could have been
caused by diagenetic obliteration, which is usually stronger
in calcareous than in siliciclastic sediments. However, the
main cause of the situation seems to be strongly connected
with the sedimentary environment. It can not be excluded
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that the conditions preferred opportunistic trace makers,
which commonly produce simple burrows. The occurrence
of abundant radiolaria in the investigated sediments indi-
cates rather high productivity and eutrophic conditions in
the upper part of the water column (cf. Brasier, 1995). Prob-
ably most food available for benthic organisms derived from
pelagic runoff. Therefore, bioturbation concentrated near
the sea-floor, in shallow tiers, where preservation potential
of trace fossils is very low because of soupy sediment con-
sistency. Bak et al. (1997) recognized that foraminifers and
radiolarians indicated increasing trophic levels from Early
to Middle Eocene in the Skole Basin, and foraminifers are
dominated by epifaunal and shallow infaunal forms. The
possible increase of trophic level, however, contrasts with
low content of organic matter, which is here deduced from
the light colour of the deposits (Potter ef al., 1980). On the
other hand, preservation of organic matter in well-oxygen-
ated environments can be very poor. It is also possible that
strongly polymictic sediment composition, with siliciclastic,
carbonate, glauconite, and siliceous grains, partially pre-
vented stronger burrowing specialization. It is known that
glauconitic and heavy-mineral grains are not ingested by
producers of shallow-water trace fossil Macaronichnus, be-
cause surface of such grains is not suitable for formation of
nutritional organic film (Clifton & Thompson, 1978). Simi-
lar factors may have influenced ichnofauna in deep-sea en-
vironments of the Nienadowa Marl Member.

The trace-fossil assemblage of the Nienadowa Marl
Member is neither similar to the expected flysch Nereites
ichnofacies, which is typified by graphoglyptids and mean-
dering deposit-feeders (Seilacher, 1967; Frey & Seilacher,
1980), nor to the other classical ichnofacies. It displays,
however, some similarities to the trace fossil assemblage
from the Lower—Middle Eocene calcareous turbidites of the
Monte Solare in the Northern Apennines (Monaco, 1996).
In the proximal turbidites of these deposits, Thalassinoides
and Ophiomorpha occupy the deepest tier, Chondrites and
Palaeophycus the middle tier, and Chondrites and Plano-
lites the shallowest tier. In more distal turbidites, the deepest
tier is composed of Chondrites and Thalassinoides and
Ophiomorpha. Nereites, Planolites, Taenidium and Zoophy-
cos occur in the shallower tiers. Thus, that tiering pattern
differs mainly from that in the here discussed deposits in the
occurrence of Nereites, Zoophycos and Taenidium, though
Phycosiphon can be regarded as an equivalent of Nereites in
the Nienadowa Marl Member.

Powichrowski (1989) studied trace fossils of the Hel-
minthoid Flysch (Upper Cretaceous—Paleocene) from the
Ligurian Alps in Italy. He distinguished six trace fossil as-
semblages mostly in mixed siliciclastic-marly turbidites.
Most of them contain Nereites (=Helminthoida), which does
not occur in the Nienadowa Marl Member. However, the
“Chondrites-Scolicia-Thalassinoides tiered assemblage”
displays some similarities to the described trace fossil as-
semblage. Nevertheless, it occurs in thin-bedded sandy tur-
bidites. The Powichrowski’s “Graphoglyptid-Helmintho-
ida-Chondrites-Thalassinoides tiered assemblage” occurs in
siliciclastic-marly turbidites like in the studied sections, but
graphoglyptids and Nereites (=Helminthoida) were not
found in the Nienadowa Marl Member.

The Upper Cretaceous marly flysch deposits in the
Northern Apennines (Scholle, 1971) and the Alps (Hesse,
1975; personal observations) contain abundant Nereites
(formerly Helminthoida; discussion in Uchman, 1995).

It is very characteristic of the Nienadowa Marl Member
and the flysch of Monte Solare that Thalassinoides pene-
trates deeper than Chondfrites in the proximal sections and
shallower than Chondrites in the distal sections (Fig. 12).
Similar situation, where Thalassinoides penetrates deeper
than Chondrites, was described in the Miocene Monterrey
Formation in California. This was explained by the fact that
the Thalassinoides tracemaker penetrates deeper than Chon-
drites in strongly cohesive sediment (Savrda & Bottjer,
1987). Such a situation is possible in calcareous turbidites,
where an early diagenetic increase of cohesion can be ex-
pected. In the Chalk, Chondrites penetrates deeper than
Thalassinoides (Ekdale & Bromley, 1991).

There are some differences between ichnoassemblages
in particular sections, including the clasts from the Czudec
Clay. Phycosiphon, which is present in more distal sections
(Nienadowa, Zabratdwka Wies), is absent in the more proxi-
mal section at Wara. Scolicia is present in the distal basinal
section (Zabratéwka Goéra) and in the slope- or shelf-derived
clasts from the Czudec Clay. It is possible, that this trace
fossil was produced by taxonomically different echinoids in
these two different environments.

The slope- or shelf-derived clasts contain very diversi-
fied ichnofabrics. Most probably they derive from different
environments. The Thalassinoides-Planolites-Chondrites
ichnofabric with features indicating of sediment creeping
(Fig. 10A) can be related to the basin slope. It is very similar
to the ichnofabric from the shelf Chalk (Ekdale & Bromley,
1991; Bromley, 1996) or the Paleocene high-stand lime-
stones from the eastern coast of the USA (Savrda, 1991).
Some clasts contain much more composite ichnofabric than
this from the basinal sections, with Thalassinoides, Plano-
lites, Chondrites, Scolicia, Palaeophycus, ?Teichichnus and
?Taenidium (Fig. 10C). It can not be excluded that these
clasts derive from an outer shelf. Almost homogenous
ichnofabrics in some clasts (Fig. 10B) result probably from
bioturbation in low-cohesion sediment and latter diagenetic
changes.

CONCLUSIONS

The Nienadowa Marl Member, composed mainly of
different marly, mixed siliciclastic-marly, or siliciclastic
thin-bedded turbidites, is deeply burrowed and deposited in
well-oxygenated environment. Investigated trace fossil as-
semblage is poorly diversified, and composed of opportun-
istic ichnotaxa. This is probably due to environmental pref-
erence of opportunistic burrowing behaviour, related to pos-
sible increase of the trophic level and strong sediment het-
erogeneity, as well as to preservational potential. The trace
fossil assemblage cannot be related to any classic ichnofa-
cies. It displays some similarities to the ichnoassemblage
from the Eocene calcareous flysch of Monte Solare in the
Northern Apennines (Monaco, 1996). The analysis of bio-
turbation depth allows to conclude that Thalassinoides
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penetrates deeper than Chondrites in proximal turbidites and
shallower than Chondrites in distal turbidites. Ichnofabrics
and trace-fossil tiering patterns are different in the basinal
sections of the Nienadowa Marl Member and in the slope to
shelf environment represented by marlstone clasts in the de-
bris-flow deposits of the Czudec Clay. Application of the
toponomic position for recognition of tiering pattern is lim-
ited in the case of deeply-burrowed thin-bedded flysch, be-
cause of overprinting of deep-tier trace fossils on ichnofab-
rics of older turbidites.
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Streszczenie

ICHNOLOGIA EOCENSKIEGO FLISZU
SILIKOKLASTYCZNO-MARGLISTEGO
Z OGNIWA MARGLI Z NIENADOWEJ (0G)
(JEDNOSTKA SKOLSKA, POLSKIE KARPATY
FLISZOWE)

Jacek Rajchel & Alfred Uchman

Opisano asocjacj¢ skamieniatosci $ladowych z ogniwa margli
z Nienadowej (og) formacji hieroglifowej (fin) w jednostce skol-
skiej oraz z klastow i porwakow margli wystepujacych w itach z
Czudca tej jednostki (Fig. 1, 2). Ogniwo margli z Nienadowej (og)
jest waznym horyzontem korelacyjnym w jednostce skolskiej,
mimo znacznego zroznicowania facjalnego i migzszosciowego
(kilka do kilkunastu metréw, maksymalnie do 70 m).

Wiek ogniwa margli z Nienadowej (og), jak i wspolwystepu-
jacych z nim itéw z Czudca okreslono na przetom wczesnego i
$rodkowego eocenu, na podstawie otwornic (Rajchel, 1990).

Utwory ogniwa margli z Nienadowej (og) zawieraja rézno-
rodne turbidyty i interturbidyty. Miazszos$¢ tawic wynosi $rednio
0d 5 do 30 cm. Turbidyty zbudowane sg ze zwigzlych margli, mar-
gli ilastych, zapiaszczonych i skrzemionkowanych oraz piaskow-
cow, takze z glaukonitem. Interturbidyty wyksztatcone sg jako
margle oraz wapniste lub bezwapniste mutowce (Fig. 3-6).

Ity z Czudca tworzg szereg soczew o miazszosci do 10 m,
zazgbiajacych si¢ z ogniwem margli z Nienadowej (og) (Fig. 2, 3).
Sa to osady podmorskich, kohezyjnych sptywdéw grawitacyjnych
(debris flow). Zawieraja one klasty i porwaki fawic margli, zblizo-
nych litologia do utworéw ogniwa margli z Nienadowej (og), po-
chodzace przypuszczalnie ze sklonu lub glebszego szelfu basenu
skolskiego.

W utworach ogniwa margli z Nienadowej (og) wystepuje sto-
sunkowo stabo zréznicowana ichnoasocjacja ztozona z nastgpuja-
cych skamieniatodci $ladowych (Fig. 7-10): Chondrites targionii,
Palaeophycus isp., Phycosiphon incertum, Planolites isp., Scolicia
isp., ?Taenidium isp., ?Teichnichnus isp. i Thalassinoides suevi-
cus. Chondrites, Planolites i Thalassinoides wystgpuja we wszyst-
kich badanych profilach (Figs. 3—6). Phycosiphon wystepuje tylko
w profilach Nienadowa i Zabratdwka Wies, a Scolicia tylko w pro-
filu Zabratéwka Gora.

Mutowce i margle z gérnej czgsci fawic turbidytowych sa cal-
kowicie zbioturbowane. Na zbioturbowanym tle, miejscami wi-
doczne s Planolites i Chondrites. Intensywno$¢ bioturbacji
maleje w dot tawic, gdzie wystepuja Planolites, Chondrites,
Scolicia, Thalassinoides i Phycosiphon. W dolnej czesci tawic

zachowane sg czesto pierwotne struktury sedymentacyjne, gtow-
nie laminacja przekatna i pozioma. Na spagach fawic rzadko wys-
tepuja Planolites, nieoznaczalne “guzki” lub potreliefy Thala-
ssinoides. Lokalnie, Chondrites penetruje wypehienia Thalassi-
noides i Planolites.

Pionowe rozmieszczenie skamienialosci sladowych w grub-
szych fawicach turbidytowych odzwierciedla pierwotng pigtro-
wos¢ penetracji w osadzie. W przypadku cienszych tawic, skamie-
niatosci $ladowe glebszych pigter, na przyklad Chondrites, moga
sigga¢ do starszych turbidytéw i nakfada¢ sig¢ na wezesniej ufor-
mowane struktury bioturbacyjne (Fig. 11). Ogranicza to mozli-
wos¢ rozpoznawania pigtrowosci w cienkich tawicach turbidy-
towych na podstawie pozycji toponomicznej. Na podstawie pozy-
¢ji toponomiczne;j i stosunkéw przecinania si¢ skamieniatosci $la-
dowych ustalono, ze Chondrites zajmuje najgtebsze pietro. Wyjat-
kiem jest profil w Warze (Fig. 3), charakteryzujacy si¢ bardziej
proksymalnymi facjami, gdzie Thalassinoides penetruje glebiej
niz Chondrites. Plytsze pigtra zajmuja Scolicia, Phycosiphon i
Planolites (Fig. 12).

Klasty i porwaki margli z itéw z Czudca zawieraja skamie-
niatosci §ladowe i struktury bioturbacyjne, pochodzace prawdopo-
dobnie z glebszego szelfu i sktonu. Margle z klastow sa calkowicie
zbioturbowane wedtug trzech zasadniczych styléw. W pierwszym
przypadku (Fig. 10A), kontury Thalassinoides, Planolites i Chon-
drites sa zamazane i czgsto zdeformowane przez rozpuszczanie i
pelznigcie osadu. W drugim przypadku, nie ma rozpoznawalnych
skamieniato$ci sladowych (Fig. 10B). W trzecim przypadku wys-
tepuja Thalassinoides, Planolites, Chondrites, Scolicia, Palaeo-
phycus, ?Teichichnus i ?Taenidium (Fig. 10C). Wymienione ska-
mieniatodci $ladowe przecinaja si¢ wedltug statych regul, pozwa-
lajacych na odtworzenie pigtrowosci (Fig. 12).

Zespoly skamieniatosci $ladowych w poszczegdlnych profi-
lach r6znia si¢ nieco migdzy soba, w zaleznosci od zmian facjal-
nych (Fig. 12).

Gleboka bioturbacja (przypuszczalnie do 25 cm), oraz zlo-
zone ichnofabrics, wskazuja na dobre natlenienie osadéw ogniwa
margli z Nienadowej (0g). Ichnoasocjacja tego ogniwa jest jednak
zdecydowanie mniej zréznicowana niz ichnoasocjacje eocenskich,
silikoklastycznych osadow fliszowych. Dotyczy to gtéwnie ska-
mieniatosci $ladowych zachowanych na spagach lawic turbidy-
towych. Czgsciowym wytlumaczeniem tego zjawiska moga by¢
procesy diagenetyczne, silniejsze w osadach weglanowych niz w
silikoklastykach, zamazujace pierwotne struktury. Prawdopodob-
nie, zasadnicza przyczyna ograniczajaca réznorodnos¢ ichnotak-
sonomiczna byly czynniki ekologiczne, preferujace zachowanie
ichnofauny oportunistycznej. Przyczyna oportunizmu mogla by¢
obfito$¢ pozywienia (eutrofia) dostarczanego z toni wodnej. O
wzroscie warunkow troficznych $wiadczy duza ilo$¢ radiolarii w
ogniwie margli z Nienadowej (0g). Pozywienie gromadzilo si¢ na
dnie, w najwyzszych partiach osadu, gdzie potencjat zachowania
penetracji jest bardzo niski. Niska zawarto$¢ materii organiczne;j,
zaznaczona jasnymi barwami skal nie zaprzecza tej tezie, gdyz jej
ilos¢ przechodzaca do stanu kopalnego moze by¢ bardzo niska w
dobrze natlenionym srodowisku. Ponadto, osady ogniwa margli z
Nienadowej (0g), zawierajace roznorodne ziarna weglanowe, sili-
koklastyczne i glaukonitowe, mogly nie sprzyjaé organizmom
przystosowanym do penetracji w jednym typie osadu.

Omawiany ichnozesp6l nie przypomina ichnofacji Nereites,
wiasciwej osadom fliszowym. Podobny jest on jedynie do ichnoa-
socjacji z eocefiskich turbidytow kalkarenitowo-kalcylutytowych
z Monte Solare w Apeninach Péinocnych (Monaco, 1996). Pewne
podobienstwa istnieja rowniez w odniesieniu do fliszu helminthoi-
dowego Alp Liguryjskich (gorna kreda—paleocen; Powichrowski,
1989).




