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Abstract: Trace fossils: Planolites, Palaeophycus, Chondrites, Asteriacites, Thalassinoides and
Isopodichnus, occur in the marine fauna of fossiliferous Kopieniec Formation of the Krizna Nappe in
the Polish Tatra Mts. The latter is described mainly in non-marine deposits. This assemblage

resembles the Cruziana ichnofacies.
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Introduction

Trace fossils which occur in the Kopieniee Formation in the
Tatra Mts. have been known since Goetel's research (1916.
1917). Nevertheless. beside single references to their occurr-
ence (op. cit.: Gazdzicki. 1974). their detailed description is
still not available. The occurrence of ichnogenus Isopodichnus
within the marine Kopicnice Formation is the reason for
taking this topic.

The area of field research embraces exposures of the
Kopieniec Formation in the Krizna Nappe. in the Polish part
of the Tatra Mts.. except for Kopy Soltysie region east of the
Dolina Suchey Wody Vallev (Fig. 1.).

All specimens are housed in the Institute of Geological
Sciences of the Jagiellonian University under symbol TF
GR.

Geological setting

The Kopieniee Formation (Gazdzicki et al.. 1979: Gazdzic-
ki and Lefeld. 1985) of Rhaetian to Sinemurian age (Gazdzic-
ki and Iwanow. 1976) is known mainly from the Krizna
Nuppe.

The Kopieniee Formation is subdivided into four informal
units: basal clastics, lower limestones. main claystones, upper
limestones (Gazdzicki et al.. 1979). The firstis richestin trace
fossils.

The Kopieniee Formation in the Tatra Mis., consist mainly
of shales alternating with sandstones and limestones. Their
thickness 1s about a few dozen metres. being frequently
reduced by tectonic processes (of. Gazdzicki. 1975, 1983).
There prevail olive-green muddy and clavey carbonate shales
intercalated by thin- 1o medium-bedded quartzitic, muscovi-

tic sandstones. and by thin- to medium- bedded dark.
organodetritic. mainly crinoidal limestones (cf. op. cit.).

In the Kopieniee Formation of the Polish Tatra Mis.
foraminifers. ostracodes (Blaszczvk and Gazdzicki. 1982:
Gazdzicki. 1983). marine pelecvpods and gastropods.
crinoids (Goetel, 1916, 1917) and ammonites occur.

Basing on faunistic data. Gazdzicki (1974. 1973) deter-
mined sedimentary environment of the Kopieniec Formation
as shallow-marine. nearshore one.

Description of trace fossils

Ichnogenus Isopodichnus BORNEMANN, 1899
Ichnospecies Isopodichnus ?stromnessi TREWIN. 1976
Figs. 2.4. 4

Material: Three slabs of sandstones with about ten
differently preserved reliefs.

Description: Convex. straightly or slightly curved
hypichnial furrow casts, width 2.5 to 3.3 mm, length to 15 cm
with distinet central furrow and transverse segmentation.
Width of single segment is about 1 mumn.

Occurrence: Thin-bedded muscovitic sandstones, Doli-
na Bialego Valley — slopes of Mt. Mata Swinica, Dolina Dluga
Valley.

Remarks: Isopodichnus differs from Gyrochorte by seg-
mentation distinely perpendicular to the axis of reliefl (cl.
Hiintzschel. 1975). It was included to Cruziana problematica
(Bromley and Asgaard 1979, Fig. 16A). However. but
Cruziana problemaiica differs from [Isopodichnus (sensu
Trewin., 1976) by presence very narrow scratch marks and
must be separated. [sopodichnus is known from non-marine
Palacozoic deposits of Australia (Glaessner. 1957). and
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Fig. 1. Location scheme of the most important outcrops of the Kopieniec Formation in the Polish Tatra Mts. east of the Kopy Softysie region.
1 — national border; 2 — the most important overthrusts; 3 — northern border of the Tatra Mts.: 4 — border of the Eocene post-tectonic cover;
6 — the Kopieniec Formation: V — Valley, DL. V — Dolina Dluga Valley, STR. V. — Dolina Straazyska Valley. M. SW. — Mt. Mala Swinica
(Sarnia Skala), M. KOP. — Mt. Maly Kopieniec, KU — the Krizna

Unit. CHU — Cho¢ Unit. Based on: Bac-Moszaszwiliet al. (1979).

Scotland (Trewin. 1967). from Mesozoic deposits in Green-
land (?) (Bromley and Asgaard, 1972, 1979), Germany
(Schindewolf. 1921), Scotland (Pollard, 1985). France (De-
mathieu, 1983) and Poland (Pienkowski, 1985). However, its
occurrence in marine deposits (vide Bromley and Asgaard.
1979) should be not confirmed. Occurrence of Isopodichnus
in the marine deposits of the Kopieniec Formation allow to
exclude it as the fresh-water indicator. Isopodichnus was
probably produced by arthropods (cf. Trewin. 1976: Pollard,
1985).

Ichnogenus: Thalassinoides EHRENBERG. 1944
Ichnospecies Thalassinoides ichnosp.
Figs. 2.1, 2.2

Material: Four poorly preserved specimens.

Description: Hyporeliefs and endichnial cylindrical or
semi-cylidrical forms. semireliefs and full reliefs. width to
2.5 em., with characteristic Y-shape bifurcation.

Occurrence: Thin bedded sandstones, Kuznice — slopes
of Mt. Krokiew. Dolina Lejowa Valley. Dolina Bialego
Valley — slopes of Mt. Mata Swinica.

Remarks: Dimension and Y-shape bifurcations assign
this material to Thalassinoides. This ichnogenus was produced
mainly by crabs (Frey et. al., 1984) and is widely known from
shallow-marine environments (cf. Fiirsich, 1974; Ekdale and
Bromley. 1984, and others) and rarely from deep-marine
environments (cf. Crimes et al.. 1981: Wetzel, 1983).

Ichnogenus Planolites NICHOLSON, 1873 _
Ichnospecies Planolites punctatus RONIEWICZ et PIEN-

KOWSKI. 1977 Fig. 2. Trace fossils from the Kopieniec Formation.
Figs. 2.8. 3 1 — Thalassinoides ichnosp., full relief; 2 — Thalassinoides ichnosp.,
semircliel: 3 — Asteriacites lumbricalis: 4 — Isopodichnus ?stromnes-
Material: About fifteen specimens showing diverse si; 5 — Palaeophycus ’alternatus: 6 — Planolites ichnosp;

degree of preservation. 7 = Palacophyveus ?mbularis; 8 — Planolites punctats.
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Fig. 3. Planolites punctarus. Kopieniec Formation. Hyporeliel.

Description: Oval. convex hypo- and epi-reliefs,
3—=8 mm in diameter. on sandstone beds. sometimes sur-
rounded by shallow (less than (0.5 mm) depression. This relief
is termination of vertical burrow.

Occurrence: sandstones in the whole area under investi-
gation.

Remarks: This ichnospecies was included to Planolites
montanus RICHTER, 1937 (Pemberton and Frey. 1982). but
P. puncraius stand out entirely vertical development of
burrows with comparison to Planolites montanus (Pienkows-
ki and Westwalewicz-Mogilska, 1986)

Ichnospecies Planolites montanus RICHTER. 1937
not illustrated

Material: One specimen.

Description: Short cylindrical full reliefs on both
surfaces of beds, width about 3 nim, deeping in the beds.

Occurrence: Sandstones, southern slopes of Mt. Mala
Swinica.

Remarks: It differs from Planolites puncratus by more
horizontal development of burrows (Piefikowski and West-
walewicz-Mogilska, 1986).

Ichnospecies Planolites ichnosp.
Fig. 2. 6

Material: One specimen.

Description: Cylindrical hyporeliefs (semireliefs) and
endichnial forms (full reliefs) without distinet walls, width to
4 mm, differ lithologicaly from surrounding sediment by
lithology and/or colour.

Occurrence: Sandstones. rarely mudstones,

Remarks: Described above morphology and structure of
burrows is characteristic for Planolites (¢f. Pemberton and
Frey, 1982).

Ichnogenus Chondrites STERNBERG. 1883
Ichnospecies Chondrites ichnosp.
not illustrated

Material: Two poorly preserved specimens.
Description: Branched convex hyporeliefs.
0.5 mm.

width
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Occurrence: Fine-grained sandstone, Mt. Nosal. south-
ern slopes of Mt. Mala Swinica.

R emarks: The material resembles one tyvpe of Chondrires
preservation. called burial preservation (Simpson. 1957).

Ichnogenus Palaeophveus HALL., 1847
Ichnospecies  Palacophyveus Palternatus PEMBERTON et
FREY. 1982
Fig. 2.5

Material: Fragment of a bed with numerous reliefs.

Description: Convex cylindrical hyporelief (full relief)
densely covering surface of the bed. crossing cach other. with
diverse width, maximum 2.5 ¢m, covered with longitudinal
ornamentation,

Occurrence: Sandstones. Dolina Koscieliska Valley
— slopes of Mt. Zadnia Kopka Koscieliska.

Remarks: Longitudinal ornamentation is characteristic
of Fucusopsis angulata PALIBIN, 1932, included to Palaeo-
phyeus (Pemberton and Frey. 1982).

Ichnogenus Palaeophyceus ?ribularis HALL, 1847
Fig. 2.7

Material: Eight specimens.

Description: Convex cylindrical hyporeliefs (semireliefs
and full reliefs)., width 2.5—7 mum, with distincly marked
smooth surface. Breaks in continuity of the relief, caused
probably by collapse of the burrow walls. are visible at some
places.

Occurrence: Sandstone in the whole studied area.

Remarks: Distincly marked walls of the relief. collapse
structures  allow  to  account deseribed material 1o
Palaeophycus (cf. Pemberton and Frey, 1982).

Ichnogenus Asteriacites SCHLOTHEIM. 1820
Ichnospecies Asteriacites lumbricalis SCHLOTHEIM. 1820
Fig. 2.3

Material: One specimen found by the author and two
specimens on a slab of thin bedded sandstones from the Prof.
Goetel’s collection housed at Institute of Geological Sciences.
Polish Academy of Science in Cracow.

Description: Author’s specimen — concave stellate
epirelief on a sandstone bed with five slight curved arms
lenght about 2 ¢m, width at base about 3 mm. Prof. Goetel's
specimens — (a) — stellate convex hyporelief, preserved only
three arms, lenght about 10 pm and width at the base from
2.5 10 3.0 mm, (b) — stellate convex hyporelief, visible four
arms. lenght about 8 mm and width about 1 mm.

Occurrence: authors’s specimen — thin bedded sand-
stones. Dolina Bialego Valley — slopes Mt. Mala Swinica.
Prof. Goetel's specimens — Mt. Maly Kopieniec.

Remarks: Asteriacites was mentioned by Goetel (1917)
from the Kopieniec Formation on Mt. Maly Kopieniec under
the name Asreriacites lumbricalis PLATTEN (specimen a ?7)
and  Ophiurites (specimen b?). The specimens found by
Goetel was illustrated by Gazdzicki (1974, Pl. 24). Asteriac-
ites are regarded imprints of asteroids and ophiuroids bodics
and widely occur in Liassic deposits of Germany (cf.
Seilacher. 1953).
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Discussion

It appears from description of ichnofauna that the assemb-
lage from the Kopieniec Formation is rather of low diversity
and low density. The most commonly represented ichnogen-
era are Planolites and Palaeophycus. These are simple, facies
crossing forms, resistant to stress environment (cf. Ekdale,
1V85: Savrda and Bottjer, 1986). Other ichnogenera are in
small quantities. Forms connected with suspension feeders
are lacking.

The ichnoassemblage from the Kopieniec Formation is
distincly different that of overlying spotted limestones of the
Soltysia Marlstone Formation (Iwanow, 1985) represented
mainly by Chondbrites, Planolites and Zoophycos (Wieczorek.
1984).

The paucity of this ichnoassemblage was probably due 1o
stress environmental conditions characterized by: low oxygen
concentration in the sediment. paucity of nutrients as well as
low preservation potential. It is difficult to determine which
agent was the most important one. The majority of trace
fossils occur in sandstone beds. Bottom currents probably
slightly eroded the sediments and preparing animals burrows
whereas the transported material casted this burrows as
semireliefs. The transported material rich in nutrients was
a basis to existence of organism preserved as full reliefs inside
sandstone beds. High concentration of shales in the Kopieniec
Formation reduce the preservation potential. Synsedimentary
(?7) deformations were probaly caused by low degree of clay
and mud consistence. saturated by water, and forming the so
called “soupgrounds™ not suitable either for preservation nor
for burrowing (cf. Pickerill, 1975; Ekdale, 1985).

The ichnoassemblage from the Kopieniec Formation re-
sembles most the Cruziana ichnofacies. representing soft
bottom. shallow (shelf) marine condition (cf. Seilacher, 1967:
Frey and Seilacher. 1980: Frey and Pemberton. 1985). It
confirms Gazdzicki's conclusions (1974, 1983) about bathy-
metry of the Kopieniee Formation sedimentation environ-
ment.

Y

Fig. 4. Isopodichnus ?stromunessi. Kopieniee Formation, Hyporelief.,

The occurrence of ichnogenus fsopodichnus within un-
doubtedly marine Kopieniec Formation does not allow for
regarding it as an indicator of non-marine environment (cf.
vide Bromley and Asgaard, 1979). Taxonomically diversed
arthropods, living in different environments can produce
similar structures during a long geological time-span.

UCHMAN

Acknowledgment: | want to express my warmest thanks to the
Directory of the Tatra National Park at Zakopane for
allowing me do field work in the area of the Park. to M. Sc. Z.
Martini (Polish Akademy of Sciences) for access to examine
Prof, Goetel's collection. to Prof. A. Radomski and col-
leagues from Jagiellonian University for critical remarks
during preparation of the manuscript, and to Dr. W,
Zuchiewicz (Jagiellonian University) for revising the English
text.

References

Bac-Moszaszwili M.. Burchart J.. Glazek J.. Iwanow A, Jaroszewski
W.. Kotanski Z.. Lefeld J.. Mastella L.. Ozimkowski W.,
Roniewicz P.. Skupinski A. & Westwalewicz-Mogilska E.. 1979:
Mapa geologiczna Tatr Polskich (Geological Map of the Polish
Tatra). 1 : 30 000, Wydawnictwa Geol., Warszawa (in Polish).

Blaszczyk 1. & Gazdzicki A.. 1982: Lower Lias Ostracods in the Tatra
Mts. Acta Palaeont. Pol. (Warszawa). 27, 129-136.

Bromley R. G. & Asgaard U.. 1972: Notes on Greenland trace fossils.
I. Freshwater Cruziana from the Upper Triassic of Jameson
Land, East Greenland. Gronl. Geol. Unders. Bull.
(Kobenhavn). 49. 7—13.

Bromley R. G. & Asgaard U., 1979: Triassic fresh water ich-
nocoenosis from Carlsberg Fjord. East Greenland, Palaeogeogr.,
Palaeoclimarol., Palaeoecol. (Amsterdam). 28, 39—80.

Crimes T. P.. Goldring R.. Homewood P., Stuijvenberg I. &
Winkler W.. 1981: Trace fossil assemblages of deep-sea fan
seposits. Gurnigel and Schliren flysch (Cretaceous — Eocene).
Switzerland. Eclogae Geol. Helv. (Basel). 74, 953-995,

Demathieu G. S.. 1985; Trace fossil assemblages in Middle Triassic
marginal marine deposits. castern border of the Massif Central.
France. S. E. P. M. Spec. Publ. (Tulsa). 35. 53-66,

Ekdale A. A.. 1985: Palcoccology of the marine endobenthos.
Palacogeogr., Palacoclimatol., Palacoecol. (Amsterdam), 50,
63-81.

Ekdale A. A. & Bromley R. G.. 1984: Comparative ichnology of
shelf-sea  and chalk. J. Paleonr. (Tulsa). 58.

322-332.

deep-sea

Frev R. W. & Seilacher A.. 1980: Uniformity in marine invertebrate
ichnology. Lethaia (Oslo). 13, 183-207.

Frey R. W.. Curran A. H. & Pemberton G. S.. 1984: Trace making
activities of crabs and their environmental significance: the
ichnogenus Psilonichnus. J. Paleont. (Tulsa), 38, 333-350.

Frev R, W. & Premberton G. S.. 1985: Biogenic structures in
outcrops and cores. 1. Approaches to ichnology. Bull. Canad.
Petrol. Geol. (Montreal), 33, 72—=1135.

Fursich F. T.. 1975: Trace fossils as environmental indicators in the
Corallian of England and Normandv. Lethaia (Oslo). 8.
151-172.

Gazdzicki A.. 1974: Rhaetian microfacies. stratigraphy and facies
development in the Tatra Mts. Acta Geol. Pol. (Warszawa). 24,
17=96.

Gazdzicki A.. 1975: Lower Liassic (*Gresten Beds™™) microfacies and
foraminifers from the Tatra Mts. Acta Geol. Pol. (Warszawa).
25, 3833098,

Gazdzicki A.. 1983: Foraminifers and Lower Jurassic of the
Slovakian and Polish Carpathians. Paleont. Pol. (Warszawa), 44,
109-169.

Gazdzicki A, & Iwanow A.. 1976: The diachronism of the Rhaetic
and “Gresten” Beds in the Tatra (West Carpathians). Bull.
Acad. Polon. Sci., Sér. Sci de la Terre (Cracoow), 24, 117—122.



ISOPODICHNUS FROM MARINE KOPIENIEC FORMATION, POLAND

Gazdzicki A, Michalik 1., Planderova E. & Sykora M., 1979: An
Upper Triassic—Lower Jurassic sequence in the Krizna Nappe
(West Tatra Mis.. West Carpathians, Czechoslovakin), Zapad.
Karpary, Sér. Geol. (Bratislava). 5, 119- 148,

Gazdzicki A, & Lefeld J.. 1985: Kopieniec Formation. In: Lefeld J.
tedo): Jurassic and Cretaceous lithostratigraphic units of the Tatra
Mountains. Stud. Geol. Pol. (Cracow), 84, 38—39,

Glaesner M. F.. 1957: Palacozoic arthropod trail from Australia.
Paldont. Z. (Stuttgart), 31, 103109,

Goetel W.. 1916: Zur Liasstratigraphie und Losung der Chocs-
dolomitfrage in der Tatra. Bull. Acad. Sci. Cracowie. ClL Sci.
Math.-Nat., Ser. A. (Cracow), 1-32.

Gocetel W., 1917: Das Rhat und der unterste Lias der subtatrischen
Zone in der Tatra. Bull. Acad. Pol. Sci., Cl. Math.-Nat., Ann.
(Cracow). 1 =222,

Hiintzschel W.. 1975: Trace fossils an problematica. In: Moore R. C.
& Teichert C. (eds): Trearise on invertebrate paleontology. Part.
W. Miscellanea, supp. 1 (Boulder — Lawrence). W1—-W269.

Iwanov A.. 1985: Soltysia Marlstone Formation. In: Lefeld J. (ed.):
Jurassic and Cretaceous lithostratigraphic units of the Tara
Mountains. Stud. Geol. Pol. (Cracow). 84: 46—61.

Pemberton G. S. & Frev R. W.. 1982: Trace fossil nomenclature and
the Planolites — Palaeophycus dilemma. J. Paleont. (Tulsa), 56,
843—-881.

Pickerill R. K. 1975: Application of Ichnology to the study of ancient
marine benthic community paleoecology. Maritime Sed. Atlantic
Geol, 11,4952,

121

Pienkowski G., 1985: Early Liassic fossil assemblages from the Holy
Cross Mountains. Poland: their distribution in continental and
marginal marine cnvironments. In: 8. E. P. M. Spec. Publ.
(Tulsa), 35, 37-51.

Pollard J. E.. 1985: lsopodichnus, related arthropod trace fossils and
notostracans from Triassic fluvial sediment. Trans. Roval Soc.
Edinburgh (Edinburgh). 76, 273-285.

Savrda E. C. & Bottjer J. D., 1986: Trace-fossil model for
reconstruction of paleo-oxyvgenation in bottom waters. Geology
(Tulsa). 14, 3—6.

Scilacher AL 1953: Studien zur Palichnologic. 11. Die fossilien
Ruhespuren (Cubichnia). Neus Jb. Geol. Paldont. Abh. (Swutt-
gart), 98, B7—124,

Seilacher A.. 1967, Bathymetry of trace fossils. Mar. Geol, (Amster-
dam). 5. 413428,

Simpson S.. 1957, On the trace fossil Chondrites. Q. J. Geol. Soc.
London (London), 62, 475-500.

Schindewolf O, H.. 1921: Studien aus dem Marburger Buntsandstein
L. 1. Senckenbergiana (Hamburg). 3. 33—49,

Trewin N. H., 1967: Isopodichnus in a trace fossil assemblage from
the Old Red Sandstone. Lethara (Amsterdam). 9. 2739,
Wetzel AL 1983: Biogenic structures in modern slope to deep-sea
sediments in the Sulu Sea Basin (Philippines). Palacogeogr.,

Palaeoclimatol.. Palacoecol. (Amsterdam). 42. 285-304.

Wieczorek 1. 1984: Skamienialosci Sladowe z wapieni plamistych
jury Tatr. Materialy VIII Konferencji Paleontologow. Wyduw-
nictwo AGH, Cracow, 15—16, (in Polish).



