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Abstract: Trace fossil taxa commonly referred to as shallow-water ones occur in the Paleogene
flysch in the southern part of the Magura Nappe. They are represented by Rhizocorallium ichnosp.,
Ophiomorpha nodosa, Ophiomorpha ichnosp. indent. morphotypes A and B, Thalassinoides ichnosp.,
and Pelecypodichnus ichnosp. Their occurrence in flysch, including thin-bedded facies, together with
“deep-water” forms such Paleodictyon, Spirorhaphe, Urohelminthoida, indicates that bathymetric
interpretation of trace fossils should be done with caution.
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INTRODUCTION

During the last nearly two decades, trace fossil genera Skolithos, Rhizoco-
rallium, Ophiomorpha, and Thalassinoides, interpreted as a shallow-water
ones by Seilacher (1967), are repeatedly reported from flysch deposits (Cri-
mes et al., 1981, with references). They frequently occur together with typical
forms classified as “deep-water” ones, e.g., Paleodictyon, Megagrapton (e.g.,
Kem & Warme, 1974; Crimes et al., 1981). Some of the supposedly shallow-
water trace fossils occur in the Paleogene flysch of the southern part of the
Magura Nappe (Fig. 1) (Uchman, 1988, 1990).

The aim of this publication is to present the “shallow-water” trace fossils
in the studied arca, based on the present author’s observations in field and on
the Prof. Ksiazkiewicz’s collection. The Prof. Ksiazkiewicz’s collection is
housed in the Museum of Geology of the Jagiellonian University in Cracow.

GEOLOGICAL SETTING

The presented material has been collected from deposits of two facies



62 A. UCHMAN

S 1 L E i A N N A P P TE
POLAND
)
== 0 A F r ¢
] o
7 ; /"Nowy Sacz
.5 :‘ ] ...-'
i 15
— . 8 10
( Nowy Ta 13
2 . 9
1 e B ENT 16 ey
1 % E Ny | 4 S
AN t~\/ - KLIPpE —~ 124 ¢
BELT N ‘ ~—J 14Krynil:a :>
"PODHALE 0 20 km e
/e Ab Jo i ee mi FLvscHI.f j

Fig.1  Location of described sections; a — state boundary, b — main rivers and lakes, ¢ — main
overthrusts, d — outline of the Neogene post-tectonic cover, ¢ — quoted localities (1 — Sobléwka,
2 - Glinka, 3 - Lipnica Wielka, 4 — Rabka-Zaryte, 5 — Ponice, 6 — Zasadne, 7 —Zbludza, 8 — Tylma-
nowa, 9 — Kroscienko-Eakcica, 10 — Labowiec, 11 — Uhryii, 12 - Roztoka, 13 — Berest, 14 — Milik,
15 —Zeleznikowa Wielka, 16 — Wierchomla Wielka), f — main towns

zones of the Magura Nappe, namely the Krynica (Cerchov) zone and the
Nowy Sacz (Bystrica) zone. The strata exposed there, except for the part of
the Krynica zone adjacent to the Pieniny Klippen Belt, are Senonian — Oligo-
cene in age (Ksiazkiewicz, 1960, 1977a; Birkenmajer & Oszczypko, 1988,
1989; Oszczypko et al., 1990). They are about 4.000 m thick and consist
mainly of siliciclastic, thin to thick-bedded flysch. The Nowy Sacz zone occu-
pies a more northerly position; it is distinguished by the domination of varie-
gated shales in the Upper Paleocene — Lower Eocene as well as by the
presence of thick beds of marls (so called Eacko marls) in the Middle — Upper
Eocene. The sequence is dated. mainly on foraminifers and nannoplankton
(Oszczypko et al., 1990, with references).

DESCRIPTION OF TRACE FOSSILS

Ichnogenus: Rhizocorallium Zenker, 1836
Ichnospecies: Rhizocorallium ichnosp.
(PL. I1I: 3)
Material:3 specimens in collection and 1 in the field.

Description:horizontal “spreite” —like structure, 30 —55 mm wide, up to 12 cm long,
stretched between U-shaped canals which are 10 — 12 mm wide, occuring on the top of turbidite beds,
2.0-3.5 cm thick.

Occurrence:thin- and medium-bedded flysch deposits of the Szczawnica Formation (Pale-
ocene — Lower Eocene), Kros$cienko-Lakcica.

Remarks:The presence of a distinct, wide marginal canal is the main difference between
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Rhizocorallium and incompletely preserved Zoophycos insignis Squin. According to Seilacher (1967),
Rhizocorallium is a typical form of the Cruziana ichnofacies, frequent in near-shore deposits (e.g.,
Fiirsich, 1975, with references). However, this form has been also described from deep water, mainly
flysch, deposits (Hayward, 1976; Crimes, 1977; Crimes et al., 1981; Pickerill et al., 1982). Rhizoco-
rallium described as “Rhizocorallium” has been noted in deposits of the Magura Nappe by Ksigzkie-
wicz (1977b), in the Paleocene variegated shales (Bladzonka) and in the Magura Beds (Klimk6wka),
on the upper surfaces of sandstone beds.

Ichnogenus: Ophiomorpha Lundgren, 1891
Ichnospecies: Ophiomorpha nodosa Lundgren, 1891

(PLLIII: 2, V:2)
Material: 80 specimens

Description:cylindrical, endichnial fillings of vertical to oblique to horizontal canals (P1. V:
2), 10 — 20 mm in diameter, with oval knobs, sometimes preserved on their walls, which are diagnostic
of Ophiomorpha. Some of the horizontal specimens are slightly flattened due to compaction. Some
of the specimens show internal meniscate structure.

Occurrence:mudstones in thin-thick bedded flysch intercalated within the Piwniczna Sand-
stone Member (Eocene) — Tylmanowa, Milik (Fig. 1), as well as thick-bedded sandstones of the same
member at Wierchomla Wielka (Fig. 1).

R em arks: Ophiomorpha is produced by arthropods, mainly shirmps, and it occurs mainly in
shallow-water, nearshore (beach) deposits (e.g., Frey et al., 1978; Ekdale & Bromley, 1984). However,
this ichnotaxon occurs also in deep-sea flysch deposits (Kern & Warme, 1974; Crimes, 1977; Crimes
et al., 1981) and even in terrestial deposits (Gradzisiski, 1969, p. 222; Merrill, 1984).

Granularia Pomel, differing from Ophiomorpha in its smaller dimensions, is regarded as a small
“flysch version” of Spongeliomorpha (Seilacher, 1977) which in turn is related to Ophiomorpha (Frey
et al., 1978). ‘

In the Piwniczna Sandstone Member at Tylmanowa and Milik, the small and bigger specimens
occur together. Their dimensions correspond to those of Granularia as well as Ophiomorpha. In this
case, it is difficult to separate these two ichnotaxa. It is possible that the smaller specimens are
produced by juvenile tracemakers of Ophiomorpha. In this case, Granularia would be a synonym of
Ophiomorpha (cf. Hantzschel, 1975).

Some of the bigger specimens of Sabularia rudis Ksiazkiewicz, including its holotype, strongly
resemble the described material. This ichnotaxon has been separated from Granularia (Ksiazkiewicz,
1977; Crimes et al., 1981). However, its specimens in the Ksiazkiewicz’s collection are not covered
with knobs which could escape preservation. The knobs which are pellets reinforcing of canal walls,
do not cover the whole surface of the Ophiomorpha burrows (cf. Frey et al., 1978).

The distinctive three-dimensional pattern of the Ophiomorphaburrows is discernible in most cases
in the field.

Ichnospecies: Ophiomorpha ichnosp. indet. morphotypes A and B
(Fig. 2C, P I 1-2,11: 1)
Material:4 specimens in collection and a dozen observations in the field.

Description:preserved on the sole of beds as relatively large fullreliefs and semireliefs (the
latter are casts of canals exposed by erosion).

Form A (P1.1: 1, II: 1): meandering, convex semireliefs or fullreliefs, 35 — 40 mm wide, occuring
on sandstone soles. Their surfaces are covered with irregular knobs.

Form B (P1. I: 2, Fig. 2C): convex semireliefs, above 1 cm thick, preserved on soles of sandstone
beds, forming irregular nets. Meshes of the nets are above a few cm in diameter.
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Occurrence: thin- and medium-bedded flysch of the BeloveZa Beds (Middle Eocene). Form
A: Labowiec, ZeleZnikowa Wielka. Form B: Berest, Roztoka, Zasadne, Rabka-Zaryte.

Remarks:Form A resembles Ophiomorpha irregulaire Frey et Howard (Frey et al., 1978, fig.
1F, 2H, 12A-B, 14A-B). Form B could be a cast of canals exposed by erosion, forming polyhedral,
multistorey system of burrows, belonging to various ichnospecies of Ophiomorpha (op. cit., fig.
2A-H) or Thalassinoides. Forms transitional from Ophiomorpha to Thalassinoides are known, and
in this case a precise determination of ichnogenera is problematical (cf. Frey ef al., 1978). Material
similar to form A, occurring in the flysch of the Polish Outer Carpathians, has been described by
Ksiazkiewicz (1977b) as Helmithopsis abeli and Helmithopsis granulata. However, they differ from
the described above form A, in their smaller dimensions, and in the case of Helminthopsis abeli, by
the smooth burrow surface. Helminthopsis granulata is distinctive by the regularity of the knobs of
the burrow surface, arranged in characteristic rows.

OTHER FORMS RELATED TO Ophiomorpha

1. Arthrophycus annulatus, described from the Polish Outer Carpathians (Ksiazkiewicz, 1977b)
has been included lately (Frey & Howard, 1985) to synonymy of Ophiomorpha annulata which,
according to the authors, is covered with elongate knobs, perpendicular to the main axis of the
burrow. However, specimens from the Prof. Ksiazkiewicz's collection, including the holotype, lack
the elongate knobs, and instead they show perpendicular segmentation. Hence, the relation of this
ichnotaxon to Ophiomorpha is problematical.

- 2. Tubulichnium incertum (Ksiazkiewicz, 1977b, P. 11: 14-15, Text-fig. 29) shows substantial
similarity to Ophiomorpha. This ichnotaxon is common in the flysch deposits of the Szczawnica
Formation (Paleocene-Lower Eocene). It forms concave semireliefs, 15-20 mm wide, on upper
surfaces of thin and medium-bedded turbidite sandstone beds. The reliefs are covered with muddy
pellets, up to 1 mm in diameter (Pl. V: 3). Reinforcement of the burrow walls is diagnostic of
Ophiomorpha (eg., Frey et al., 1978). In the case of Tubulichnium incertum the pellets are small, so
Ksiazkiewicz (1977b, s. 142-144) has not included this form to Ophiomorpha, but distinguished the
new monospecific ichnogenus. However, small pellets, less than 1 mm in diameter, are reported from
burrow surface of Ophiomorpha (Frey et. al., 1978). Vertical orientation of the Tubulichnium
incertum is not observed, so its relation to Ophiomorpha is an open question.

Ichnogenus: Thalassinoides Ehrenberg, 1944
Ichnospecies: Thalassinoides ichnosp.

(PL. IIT: 1,1V: 1-2, V: 1,Fig. 2 A-B, D-F)
Material:7 specimens and 2 field observations.

Description:horizontal, convex semireliefs and fullreliefs, above 10 mm wide, showing
characteristic Y-shaped, frequently swalled bifurcations. An unlabelled specimen from the Prof. Ksia-
zkiewicz’s collection (apparently from the BeloveZa Beds, Outer Carpathians, Eocene), is a fragment
of a thin sandstone bed covered with hypichnial semireliefs showing well experessed Thalassinoides
morphology (Fig. 2E), with Y-shaped, swallen bifurcations.

Occurrence: thin - and medium bedded flysch of the BeloveZa Beds (Lower-Middle Eocene)
—Uhryf, Sobléwka, Roztoka, thick bedded flysch deposits of the Magura Formation (Upper Eocene)
— Lipnica Wielka, Ponice (Fig. 1).

Remarks: Thalassinoides, produced mainly by decapod crustaceans (Frey et al., 1984) occurs
most frequently in shallow-water deposits (eg. Fiirsich, 1975; Ekdale & Bromley, 1984) and is
reported, as a typical form of the Cruziana ichnofacies (eg., Frey & Seilacher; Frey & Pemberton,
1985, with references). This ichnotaxon has been described also from flysch (Crimes et al., 1981) and
Holocene deep-sea sediments (Wetzel, 1983). Some specimens of the described material resemble
Thalassinoides suevicus Reith and one of them shows overlapping burrows forming “spreite” -like
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Fig.2  Drawings of selected specimens. A — cross-section of sample with ?Thalassinoides ich-
nosp. showing “spreite”-like structure, BeloveZa Beds (Lower — Middle Eocene), Uhryii, B —
Thalassinoides ichnosp., Magura Formation (Upper Eocene), Lipnica Wielka, C — ?Ophiomorpha
ichnosp., BeloveZa Beds (?) (Lower — Middle Eocene), Rabka-Zaryte, D — Thalassinoides ichnosp.,
Magura Formation (Upper Eocene), Ponice, E ~ Thalassinoides ichnosp., BeloveZa Beds (Lower —
Middle Eocene), uncertain locality, Museum of Geology, Jagicllonian University, F — Thalassi-
noides ichnosp., BeloveZa Beds (Lower — Midle Eocene), Roztoka. Scale bar =2 cm

structure (Fig. 2A) (eg., Frey & Howard, 1985). Most of specimens of Sabularia ramosa Ksiazk.
described from the Polish Outer Carpathians (Ksigzkiewicz, 1977b) show morphological features of
smaller specimens of Thalassinoides.

Ichnogenus: Pelecypodichnus Seilacher, 1953
Ichnospecies: Pelecypodichnus ichnosp.

(PL.1I: 2, 11I: 4)
Material:3 specimens in collection and 4 in the field.

Description:convex semireliefs forming elongate, ovél, smooth moulds, about 30 mm long,
about 15 mm wide, up to 8 mm high (a specimen from Zbludza), occuring on sandstone soles.

Occurrence: thin- and medium-bedded flysch of BeloveZa Beds (Middle Eocene) — Zbludza,
Glinka, ZeleZnikowa Wielka (Fig. 1).

Remarks: Pelecypodichnus is a cubichnial trace of pelecypods (Seilacher, 1953) and is
regarded as a from typical of deltaic sediments sensu lato (vide Crimes et al., 1981). It occurs in
shallow-marine and brakish (eg., Pieikowski, 1985), and even in continental deposits (Bromley &
Asgaard, 1979). It has been reported, however, also from deep-sea flysch deposits (Crimes, 1977;
Crimes el. al., 1981). It has not been hitherto reported from the Polish Outer Carpathians.

GENERAL OBSERVATIONS

The ichnotaxa described above, mainly in the BeloveZa Beds and Szczaw-
nica Formation, occur together with the diversified “typical deep-water” ich-
nofauna including Paleodictyon, Urohelminthoida, and Spirorhaphe, typical
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froms of the deep-water Nereites ichnofacies (Seilacher, 1967; Frey & Seila-
cher, 1980). Additionally, Zoophycos and Phycosiphon, ichnotaxa typical of
Zoophycos ichnofacies (cf. Frey & Seilacher, 1980), occur commonly in the
Szczawnica Formation.

DISSCUSSION

The described above ichnotaxa — Rhizocorallium, Ophiomorpha, Thalassi-
noides, Pelecypodichnus — occur most frequently in shallow-marine sedi-
ments, and the first three ones represent the littoral Skolithos and Cruziana
ichnofacies (Frey & Secilacher, 1980, with references). Their occurrence in
deep-sea sediments is a big dilemma of ichnology. According to Crimes et al.
(1981), this ichnotaxa could occur in proximal flysch deposits of the main and
distributary channel zone of submarine fans, where hydrodynamic conditions
typical of high energy shallow-water environments periodically occur. How-
ever, many of the described forms occur in sequences of thin- and medium-
bedded flysch, few hundred metres thick, namely in the BeloveZa Beds and
the Szczawnica Formation. These deposits arec more distal and have been laid
down in comparatively low-energy conditions (cf. Oszczypko, 1986). So it
seems that the occurrence of the “shallow-water” forms is largely independent
of the flysch subfacies and these forms arec a normal component of various
flysch ichnoassociations.

The occurrence of the “shallow-water” ichnotaxa together with the “deep-
water” ones, is one of the numerous facts (sece Byers, 1982, and references
therein) contradicting the concept of a strong bathymetric control of trace
fossil distribution, expressed in the Seilacher’s (1967) model. The numerous
observations accumulated up to date allow one to infer that the “shallow-wa-
ter” trace fossils, such as those described in this publication, as well as others,
€.g., Skolithos, can occur in flysch, perhaps not in a very high density which
remains typical of littoral sediments (cf. Frey & Pemberton, 1985). An excep-
tion is Ophiomorpha, which may be abundant in thick-bedded flysch (cf.. Kemn
& Warme, 1974; observations reported herein — the Piwniczna Sandstone
Member at Wierchomla Wielka). It may be concluded, that the inferences on
paleodepth on the basis of trace fossils should be done with caution.

On the other hand, typical “deep-water” forms, such as Helminthopsis and
Paleodictyon are noted sporadically in shallow marine sediments (e.g., Archer
& Maples, 1984).

Trace fossil occurrence is controlled by many complex factors (eg., Byers,
1982), including oxygenation of sediment (Ekdale, 1988, with references).
Seilacher’s (1967) model seems to embrace the basic ichnofacies archetypes
showing a tendency to frequent repetitions at certain depth intervals though
without any close and direct depth control (Frey & Pemberton, 1985, Frey. et
al., 1990).
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Streszczenie

“PLYTKOWODNE” SKAMIENIALOSCI S}LADOWE W PALEO-
GENSKIM FLISZU POLUDNIOWE] CZESCI PLASZCZOWINY
MAGURSKIE], POLSKIE KARPATY ZEWNETRZNE

Alfred Uchman

W paleogeriskich utworach fliszowych, w potudniowej czg¢Sci ptaszczowi-
ny magurskicj, znaleziono skamienialo§ci §ladowe (Fig. 1) uwazane po-
wszechnie za plytkowodne, takie jak: Rhizocorallium ichnosp., Ophiomorpha
nodosa Lund., Ophiomorpha ichnosp. indet. typ A i B, Thalassinoides ich-
nosp. i Pelecypodichnus ichnosp. (Fig. 2, PL. I-V). Naleza one zgodnie z
batymetrycznym modelem rozmieszczenia skamienialoSci §ladowych Seila-
chera do ptytkowodnych ichnofacji Skolithos i Cruziana (Seilacher, 1967).
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Coraz cze$cicj jednak spotyka si¢ je, jak w opisywanym przypadku, w glebo-
komorskich utworach fliszowych (por. np. Crimes et. al., 1981) wraz z typo-
wymi przedstawicielami gl¢bokowodnej ichnofacji Nereites (w opisywanym
przypadku: Paleodictyon, Urohelminthoida, Spirorhaphe i inne). Jest to jedno
z wielu odstegpstw (np. Byers, 1982) od powszechnie stosowanego modelu
Seilachera (1967) Wedtug nowszych pogladéw (np. Frey et. al., 1990) model
ten przedstawia jedynie archetypy ichnofacji, ktére maja tendencje¢ do wyste-
powania w pewnych przedziatach batymetrycznych, lecz bez Scistego, bezpo-
§redniego z nimi zwiazku. Obecnie coraz wigcej faktéw $wiadczy o tym, Ze
“ptytkowodne” skamieniato§ci §ladowe moga wystgpowaé niezbyt licznie w
utworach fliszowych (por. Frey & Pemberton, 1985). Wyjatkiem jest tu Op-
hiomorpha, wystepujaca licznie w niektérych profilach, na przyktad w gru-
botawicowych piaskowcach ogniwa piaskowc6éw z Piwnicznej (0g). Sktania to
do duzej ostroznoSci w interpretacji batymetrii na podstawie pojedynczych
okazéw, bez uwzglednienia zlozonych czynnik6éw kontrolujacych rozmiesz-
czenie ichnofauny, zwlaszcza, ze takze “typowo glgbokowodne” ichnorodzaje
takie jak: Helminthopsis czy Paleodictyon notowane sa sporadycznie Z utwo-
réw plytkowodnych (np. Archer & Maples, 1984).

Wedtug Crimes’a et al., (1981) “ptytkowodne” ichnorodzaje wystepuja w
proksymalnych czeSciach utworéw fliszowych. Wiele z opisanych w niniej-
szej publikacji form zostato znalezionych jednak w co najmniej kilkusetme-
trowych sekwencjach cienko- i §redniotawicowego fliszu, to jest w utworach
warstw beloweskich (cocen) i formacji szczawnickiej (fm) (paleocen — eocen
dolny), ktére uwazane sa za bardziej dystalne (por. np. Oszczypko, 1986).
Wydaje si¢ wigc, ze “ptytkowodne” skamicniatoSci §ladowe moga si¢ poja-
wiaé niezaleznie od subfacji fliszu.

EXPLANATION OF PLATES

Plate I

1 — Ophiomorpha ?irregulaire. BeloveZa Beds (Lower — Middle Eocene), Labowiec. Photo by
P. Radzicki

2 — Ophiomorpha —Thalassinoides ichnosp. BeloveZa Beds (Lower — Middle Eocene), Zasadne

Plate I
1 — Ophiomorpha ?irregulaire. Belove’a Beds (Lower — Middle Eocene), ZeleZnikowa Wielka
2 — Pelecypodichnus ichnosp. (P), Circulichnis ichnosp. (C), Sabularia simplex. (S). Beloveza

Beds (Lower — Middle Eocene), ZeleZnikowa Wielka
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Plate III

Thalassinoides ichnosp. BeloveZa Beds (Lower — Middle Eocene), Uhryii. Photo by P.
Radzicki

Ophiomorpha nodosa. Piwniczna Sandstone Member (Eocene), Milik. Photo by P. Radzicki
Rhizocorallium ichnosp. Szczawnica Formation (Paleocene — Lower Eocene), Kroscienko -
Eakcica. Photo by P. Radzicki

Pelecypodichnus ichnosp. BeloveZa Beds. (Lower — Middle Eocene), Glinka. Photo by P.
Radzicki

Plate IV

Thalassinoides ichnosp. Belovea Beds (Lower — Middle Eocene), ZeleZnikowa Wielka
Thalassinoides ichnosp. BeloveZa Beds (Lower — Middle Eocene), Sobléwka. Photo by P.
Radzicki

Tubulichnium incertum. Szczawnica Formation (Paleocene — Lower Eocene), Kroscienko -
E.akcica. Photo by P. Radzicki

Plate V

Thalassinoides ichnosp. BeloveZa Beds (Lower — Middle Eocene), Roztoka
Ophiomorpha nodosa in thick-bedded sandstones from the Piwniczna Sandstone Member
(Eocene), Wierchomla Wielka; b — bedding surface. Scale bar = 20 cm
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