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ABSTRACT

The ichnofauna of the flysch in the Polish Carpathians described herein consists of 56 ichnogenera and 151 ichno­
species. In thi s assemblage 6 new ichnogenera and 40 new ichnospecies have been described. The ichnofossils are divided
into ten informal morphological groups. Ethologically most of the Carpathian trace fossils belong to Pascichnia, some
to Repichnia and presum ably to Fodinic hnia, and very few to other ecological groups. The ichnofauna occurs in beds of
up permost Jurassic, Cretaceo us and Pal aeogene age. It attains the ma ximum development in the Senonian and in the
ea rly Palae ogene. Th e vertical and lateral distribution of the ichnofauna seems to support the assumption that the Car­
pathi an flysch was mostly deposited at bathyal depths.
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Map of the Carpathian f1 ysch zone with localit ies in which an ef]"ect ivc sea rch for tra ce fossils was made, A-A northern border of the llysch zone; B- B so uthern border of the flysch zone



INTRODUCTION

M any geologists working in the Carpathian f1ysch zone no ted biogenic structures, curr ently
term ed "trace fossils" . Some of the se structures were considered to be remains of plants. PUSCH
(1837), GLOCKER (1841) and ETTINGHAUSEN (1863) described several "fucoids" and fucoid-like
traces as plant s. ROTHPLETZ (1896) also mentioned a few occurrences of "fucoids" in the Polish
Carpathians. Other biogenic st ructures were simply called "hieroglyphs" , and the early wor kers
made no accurate distinction between hieroglyphs of mechanical an d of biogenic origin. Some
tr aces were regarded as imprint s of medusae (ZUBER, 1910 & KUZNIAR, 1911). Certain traces ,
named but no t described or illustrated, were included in the lists of fossi ls given in the classic
paper of HOHENEGGER (1861). In many papers on the stratigraphy and regio nal geology of th e
Carpathian f1ysch zone tr ace fossils, usua lly tre ated as "prob lematica" , were mentioned and
in some cases illustrated (ZUBER, 1918). Unti l recently no specia l papers were devoted to the
problems of the Carpathian ichnofauna . During last twenty year s a few papers appeared pre­
senting results of more detailed resea rch. NOWAK published papers on stellate traces (1956),
on paleod ictyonids (1959, partly based on the material collected by th e present author) and
Belorhaphe (1970), and the pre sent author (KSL,\ZKIEWICZ, 1958, 1960, 1961, 1968) reported
on a number of trace fossils, little known or unknown from th e Carpathian flysch. In 1970,
on th e occasion of the Internati onal Symposium on Tr ace Fossils in Liverp ool, he presented
a general review on his research on the ichnofauna in the Polish Carpathians. In this paper
some forty ichnogenera were reported .

The author's research on the Carpathian ichn ofauna dates from the beginn ing of his stud ies
in the Carpathians in 1926. Whi le map ping, tr ace fossils were collected or noted, but on ly in
mo re recent years was he able to concent rate on thi s subject. At first the search for trace fossils
was lim ited on ly to the mapped areas in the western part of the f1ysch zone, bu t in a last few
years "tracking" might ha ve been extended over the whole area of the Polish Carpathians
(text-fig. 1). Thi s vast region was studied as uniforml y as po ssible. Each stratigra phic ho rizon
of the f1ysch was examined in several loca lities and the best exposed sections were chosen for
th is purpose. Th e localit ies in which trace fossils were fo und are indicated on the map
(text-fig. 1). As seen on it , the localit ies are much more numerous in the west th an in the east .
Th is is caused main ly by the difference in st ructure: in the western part of the range th e tectonics
is more complex and, consequently, formation s expo sed on the surface are mu ch more nu­
merou s than in the east, where the tectonics is much simpler, and fewer horizo ns occur on th e
surface . In addition, in the cast Oligocenc beds occup y vast areas. They are barren in mo st
places ; many of the loca lities visited afforded no trace fossils. These places are not marked
on the map.

About 3000 specimens have been collected by the author, and more th an 2000 have been
specifically determined. They are housed in the Department of Geo logy of the Jagelloni an
University of Cracow (abbrevi ated as UJ), registered in the division marked TF (trace fossils).
In thi s Department there are also deposited some specimens collected by W. SZAJNOCHA,
K. WOJCIK and H. ZAPALOWICZ before 1914. A few specimens describ ed in this paper were
lent to th e author from other collections in Poland: Geological Survey of Poland (abbreviat ed
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IG War saw) and its Cracow Branch (abb reviated IG Cracow), Geological Institute of the
Academy of M ines in Cracow (abb reviated as AGH) and the Museum of the Geological
Institute of the Pol ish Academy of Science, Cracow branch (abbreviated ZNG).
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GENER AL P f\ R T

G EOLOGICAL SETTING

Within the Polish territo ry the Carpathian Mounta ins form a zone abo ut 300 km long and
up to 100 km broad. Th eir northern part is known as th e "F lysch Carpathian s", since it is
composed mo stly of flysch type deposits , approximat ely 6000 m thick. Their sed imentation
began towards th e end of the Upper Jurassic, and lasted without inte rruption until the end
of the Lower M iocene.

The stra tigraphy of th e flysch deposits is rather well known on th e basis of the microfauna
a nd fairl y com mo n large fossils. It is presented in tabl e I in a somewhat simplified manner,
acco rding to th e results present ed in the pap ers of BIEDA et al. (1963) and G EROCH et al. (1967),
with so me min or alterations. Th e Mid dle Miocene foldi ng p roduced severa l th rusts directed
nort hward which divided the flysch zone int o severa l nappes. South of th e folded outer zone
is sit ua ted the Pien iny "Klippen" zone, in which cer tain stratigraphic members are also de­
veloped in flysch facies. From th e south the Pien iny zone is bord ered by the Pod hale flysch
of Late Palaeogene age. Thi s was deposited on the inner Carpath ian zone (the Tat ra Mts within
the Pol ish territory) which was folded before the Palaeogene. In spite of the complex tect on ics
of the Carpathian range, th e fl ysch rock s were not markedly tccto nized , a feature promoting
the pre servation of trace fossils. Thi s favourabl e feature if often offset by severe jointing.

TOPONOMY O F T RACE FOSSILS
(table 2 ; text-fig. 3)

The trace fossils in flysch dep osits occupy vari ous posit ions in relation to bedding. Flysch,
as is well known , consists of coa rser beds (sandston es, limestones, siltstones) alternating with
fine-grained layer s (mudstones, marl stones, argillites, clay). Follow ing F. SIMPSON (1970) the
former are called element T, and the latter - element n. According to cur rent views element I
was produced by currents which more or less insta nta neo usly introduced mater ial into the
basin. Therefore th e int erface bet ween element 11 and I is sha rp . Elem ent Il may represent an
ind igenou s sed iment. But in many instances the con tact bet ween element I and 11 is no t sha rp
but intergradat iona l (KSL,\ZKIEWICZ, 1954). T his impl ies that a part or the who le of element II
may be a product of selection of th e mater ial brought in by the current (RADOMSKI, 1960).
Pro babl y in most cases on ly a th in layer of a very fine-grained sed iment (clay) of the upperm ost
part of element 11 represent s a true pelag ic deposit. In some instances it may be miss ing, washed
aw ay by th e current , in others the mater ial in th e current d id not undergo select ion befo re
dep osition , and th e lower cur rent-borne part of clement II was not formed. Acco rdingly, th e
following type s of flysch sequences may exist: 1. element Il is allochthonous in th e lower part ,
a nd auto chthono us (pc1agic) in the upp er part ;2. elemen t II is who lly autoc htho no us : 3.element II
is who lly allochthonous (text- fig . 2).
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Fig. 2
The r ration of the current -borne and pelagic sediments in the flysch, I - element I; II - element 11; A - cur rent-borne

shale; B - pelagic clay or ooze

This tn e of stratification has much bearing on the distribution of traces with regard to
bedding and preservation. In flysch deposits most traces were produced by the animals which
lived and burrowed in the sediment. Many trace-making animals burrowed preferentially along
stratification planes, and in most cases followed sedimentary interfaces, most commonly be­
twccn II and I, less frequently between I and n. Some burrowed in both elements, others were
restr icted either to element I or elementIl. Others presumably lived on the sea-bottom or just
beneath it and made traces on the surface of element I or, more commonly, element n. The
traces made on the sea-bottom might be preserved if they were covered with current-born
material. These traces are pre-depositional with regard to the time of deposition of element I,
which covered them. Other trace -makers burrowed after element I had been deposited. They
are post -depositional with regard to the time of deposition of element I. Very likely, some
animals were able to live either way, and the traces they made are both pre- and post -deposi­
tional (table 3).

Practically, the traces formed at the 11/1 interface and within element I are post-depositional,
and the traces occurring at the 1/1I interface are also post-depositional. The traces formed
in element IT or on its surface, before the next element I was formed, are pre-depositional.

5 6

... ... .. . -,..-
--.0

'fl

Fig. 3
Toponomy of flysch trace fossils, 1, 2 - hypichnial full burrows; 3 - hypichnial stellate full burrow; 4 - hypichnial
groove cast ; 5 - hypichnial mound; 6 - hypichnial stelIate cast ; 7 - hypichnial furrow; 8 - endichnial full burrow;
9 - endichnial void burrow; 10 - epichnial full burrow ; 1I - epichnial ridge; 12 - epichnial spiro-helicoidal burrow;
13 - epichnial void hole ; 14 - epichnial stellate grooves; 15 - epichnial furrow; 16 - exichnial full burrow; 17-

exichnial full or void burrows
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The classification of the position of a trace fossil in relation to a bed (layer) used in thi s
paper approximately follows that proposed by MARTlNSSON (1965, 1970), with certain changes
required by the Carpathian material. The term s are used in such a way as to denote the mann er
of development and preservation of biogenic st ructures.

The position of all biogenic structures occurring on lower surfaces (soles) of clement I is
described as hypichnial (= hyporelief, SEILACHER,1964 a, 1964b; intergenic, CIIAMBERLAIN,
1971 a). These structures were formed in two ways: either by anima ls burrowing parallel to
bedding at the clay/sand interface, or by the filling by sand of voids and furr ows pr oduced by
animals living on the sea-floor before the arrival of the current which covered them with sand .
In either case the structures may be approx imately horizontal , linear or planar.

Ta b le 2

TOPONOM ICAL CLASSIFICATION OF TRACE FOSSILS

Hypich nial I
-- --- - - - - - ---- -

I
full [linea r

[stellate
bu rrow s

tubes

voi d \ fu rr ows
ste lla tc

En d ichnia l

(full
burrows 1 "dVOl

...

Ep ichnia l

I
full
ridges

bur rows
fur row s

void \ holes
stc lla tc

Exichnia l

{
full

burrows id ?
VOI "

cas ts
\

furr ows
mo unds
stella te

'---t;piro -he licoida l
sprcitcn

plan ar spreiten

- --- - -_._ - - - - --
planar sprei ten planar spreiten

When the animal burrowed and at the same time filled the excavat ion it had made with
the processed material (= "active fill " , WEBBY, 1969b), the trace is termed a hypichnial full
burrow. If the burrow was left empty, the trace is called hypichnial void burrow. T he hypichnial
full burrows are cylindrical (th read-, string- or rope-sized), more rarely spherical or ellipsoidal
(mound-like). A stellate full burrow is a special case, when full bur rows are arra nged in a sta r­
like form. The hypichniaI void linear burrows are termed hypichnial furrows (act ually, these
furr ows are inverted, i.e. the concave or negative hyporelief, SEILACHER, 1964b).

All structures produced by the filling of any hollows made by an imals before the deposition
of element I, on the sole of which they occur, are termed hypichnial casts. If the hollow is linear ,
the structure is termed a hypichnial groove cast; if circular a hypichn ial hole cast. The groo ves
or holes may be arranged in a rosette patt ern; th is is a hypichnial stellate cast. Hypichnial
groove casts are sub-cylindrical, their filling material is post-genetic ("passive fill" , WEBBY,
1969b) in contrast to the syn-genetic material of full bur rows. In SEILACHER'S classification
these structures are termed convex (or positive) hyporeliefs (= epigenetic hyporeliefs of CHAM­
BERLAIN, 1971 a).

The recognition of the post-genetic origin is easy when the filling material displays any
depo sitional sedimentary structures, such as grading or lamin ation, horizontal or oblique.
The last-named structure is part icularly helpful , as it is easy to recognize, although usually only
in larger casts. In many cases the grooves are filled with coarser material than that occurri ng
on the sole in the neighbourhood of the cast. It may be supposed that the groove acted as
a trap for coarser grain falling from a suspension car ried by a turb idity cur rent, or from the
material dragged along the bottom by any current. It should, however, be pointed out th at
full burrows are also often filled with coa rser grains than those constituting the bis al part of
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th e bed (element I). This d ifference is p robabl y du e to the pr ocessing of th e material by the
sed iment-ingesting animal.

In man y cases there a re d ifficul ties in d istinguish ing between hypichnial gr oove casts and
hypichn ia l fu ll burrows. T he burrowing ani mals usu ally secrete mucus which percolates and
hard en s the wall of the excavat ion they have nude. O wing to this the filling is sh arply de­
markatcd fro m t he surro undi ng sed iment a nd th e burrow filling p reser ves th e sha pe o f the
excavati on or t he ho le. W hen the mu cus is secreted in insufficient a mo unt or not a t all , the
filling of th e bur row may fu se with the ove rly ing sed ime nt and the b ound ary between them
is oblite rat ed . T he filling loses its cylind rica l shape and becomes subcylindrical, Also , the
a nima l might have not filled its excavation when burrowing, bu t have left it or certa in sector s
of it void . Thi s possib ility is ind icate d by the presence of inverted furro ws o n underfaccs. In
this case the anima l rem oved th e materia l not by ingest ing and subseq ue nt excreting, but by
pushi ng it away. If sufficien t mucus was secreted, the shape of the excava tion in the form of
a n inverted fur row might be preserved . But if t he percolation with mucu s was not adeq ua te ,
o r th e overburden too heavy or too flu id, the ro of of th e excavation might co llapse and the
excavat ion has been filled by the overlying materia l. In thi s cas e the bu rr ow ass umes a sub­
cylind rical fo rm and does not differ fr om the cast structur es. N aturally, th is st ruc ture is also
a ea -it , but its ori gin is diffe ren t from th e cast formed when a pre-existing furrow is filled by
sed imen ta t ion . Thus the terms "sedimenta t ion casts" and "co llapse cast s" may be used , but
th eir di stincti on , pa rticula rly in st ructures of sma ll size, is d ifficult a nd indeed often impossible.

The d istinct ion between the syngenet ic full burrow a nd post-genet ic casts is of importance
fo r the quest ion whe ther the structure was formed before or after the dep osition of the trace­
bear ing bed . Obv iously full bur ro ws were formed afte r, a nd sed imenta ry casts during the
de position of the bed . In the latter case th e cur rent-bo rne mat erial might have filled a pre­
ex ist ing fu rrow or hole made by creepi ng, cra wling or shelte ring on th e sea -bott o m. In fact ,
on th e pre sen t-d ay sea -floors there are plent y of all so rts of concave traces (NORTHROP, 1951,
H EEZEN & HOLLlSTER, 1971). O n the other hand, ma ny burrowing animals live in sediment
a few cen time ters below the sea -bo tt o m filling the ga ller ies they make with excretory material.
O n th is acco unt SElLACH ER (1962) believes that the majority of so le tr ace s were formed by
sco uri ng and sand cast ing.

The posit ion o f the biogenic str uctures tha t occur with in element 1 is descr ibed as endic hnia l
( = en dogen ic p. pt . sensu CHAMBERLAIN, 1971 a). They are either par allel to st ratifica t io n,
subho rizonta l, ob lique or at r ight a ng les to the beddi ng . M ost of them are end ichnia l full
b urrows, in the form of cylinders fi lled with ' sa nd o r any other mat eri al , co mmo nly not dif­
fer ing much fr om the materia l of th e ho st rock. So me arc tubiform end ichnial void burrows,
often with lined walls. To this gro up belong also sp ire-he lico ida l burrow s (" spreiten").

The ep ichni a l po sit ion is occupied by structures developed and preserved on the upper
surfaces of elem ent 1. They occ ur as epich nia l full burrow s, cylindrical in sha pe, or as epichnial
r idges, if th e bu rrow filling has fused wit h the underl ying sed iment. Linear epichnial furrows
are more common, wh ile circu la r epichnia l holes and ep ichnia l stella te holes are less frequent.
Some of the ep ichnial structures a re trac ks or tra ils pro d uced by creeping or crawling anima ls
on th e upper sur face of element 1 when th is sur face was sed iment/wate r interface, but mo st
of th em have been prod uced by a nimals working along th e l /B int erface, when clement I was
sepa ra ted from the sea -wate r by m ud, forming element H. The anima l either moved along this
interface leav ing no excretory material behind , o r mo re commonly, ingested the sed iment and
filled the excavat io n with the processed mate rial.

The position of biogenic st ru ctures occur ring wit hin eleme nt Jr is described as exichnial.
Because this eleme nt underwent compaction to a m uch hig her degree th an element 1, the
structu res are usuall y flatt ened , and it is often hardly poss ible to di stinguish between void
and filled t race s. The excavat ion s a re either filled wit h the sa me material as th e encl osing
sediment , or the fillin g was br ou ght in from outside . In 1110st ca ses the structures are horizontal
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or subparallel to th e strat ifica tion, but most commonly the actual relation of the stru ctur
to the original st ratification is obliterated by co mpaction.

Certain types of traces occur in both the exichnial and epichnial po sitions. It appears that
the animals burrowed within the current-borne part of element I I more commonly th an in
its pelagic portion (text-fig. 2).

There are instances, on the whole rare, of a full burrow ab andoning its hypichnial position,
crossing the interface 11/1 and either entering the overlying element I , thus becoming an en­
dichnial full burrow, or even going farther up and becoming ep ichniaI. Conversely, it may
enter the underlying element II and assume an exichnial situation. In either case the burrow
filling for some distance consists of material of element I. By thi s means cylindrical burrows
filled with sand may occur in clay or cla yey sha les. M ost of the Carpathian flysch trace fossils ,
however, tend to occupy a steady po sition in relation to bedding.

CLASSIFICATION OF TRACE FOSSILS

The only rational clas sification of trace fo ssils should be linked with the current taxonomi c
zoological classification. Thi s would be possible if we were able to determine with certainty
the producers of traces. Unfortunately, this is not the case , and only in a few instances can
be this done. In other cases we may tentatively presume that such-and-such an animal was the
potential producer.

The systems of classification so far proposed are based on ecological , ethological, mor­
phological and genetic criteria. According to SEILACHER'S (1953a, 1964a) ecological and etho­
logical classification mo st of the Carpathian trace fossils belong to Pascichnia, several pre­
sumably to Fodinichnia , and a small number may be regarded as representing Repichnia and
other groups. In very many cases the distinction between Pascichnia and Repichnia is hardly
possible (MARTINSSON, 1970, p. 325). There are also difficul ties in distinguishing between some
Fodinichnia and Pascichnia, as the manner of burrowing and filling of the former is st ill un­
certain.

Jn the classification prop osed by LESSERTlSSEUR (1955), which is partly morphological ,
partly ecol ogical , most of th e Carpathian traces belong to the group of exogenic traces, made
on the surfaces of the beds by nutrition or locomotion. The endogenic tr aces are less numerous
(chondritids, Zoopliycos, some stella te traces). A large group of traces, abundantly represented
in the Carpathian material , in LESSERTlSSEUR'S classification is treated as " incertae sedis". To
this group he assigns: Vermiglyphes (e.g. Cosmorhaphey, Graphoglyptes (Paleodictyon, Paleo­
meandron , Belorhaphe etc.) and Rhabdoglyphes. Stell ate traces are regarded by LESSERTISSEUR
as endogene, but in the Carpathian material mo st of them belong to surface traces. In addition ,
several types occur both on surfaces a nd inside th e layers.

VIALOV (I972b), similarly as LESSERTlSSEUR, tried to combine morphological and ecological
criteria in his classification. The Carpathian material may be placed in his two classes: Fos­
siglyphia (burrows in sediment) and Excrelitliia (burrows filled with excrements). To the first
group he assigns, among the others, Zoophycos and chondritids. Zoophycos, has, however,
marginal cylindrical tubes , which in all appearance, are filled with the materal processed by
the burrower. The manner of filling in Chondrites is uncertain, and in Taenidium most probably
by the processed material. Most of the Carpathian types may be assigned to Excrelithia­
Farcimindii. But in adopting the classification of this class we meet fu rther difficulties. Farci­
mindii (strings of sand- and clay-ingesting animals) are divided into Infarcia (= endichnial) and
ExteraJarcia (occurring on surfaces, toponomically hypichnial and epichnial). There are, how­
ever, some types which occur both -on the sur face a nd inside the layer, e.g. Buthotrephis,
Subphyllochorda (text-fig. 25), some Helminthoida. Thus in this cla ssification one and the
same ichnogenus belongs both to Infarcia and Exterafarcia. Spiral types are grouped as Spiro-
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litid ae and assigned to Exterafarcia, but one type of Sp irorhaphe - S. involuta - occurs on
the surface, and an other, S. zumayensis, inside the layer. The same must be said about Hel­
mintholitidae assigned by VIALOV to Exterafarcia. Actually severa l ichnospecies of Helminthoida
are surface traces, but the most characterist ic of this group, Helminthoida labyrinthica, occur s
most commonly within the sediment.

It is little doubt that becau se of varied origin and nature of trace fossils and many
uncertainties in their genetic interpretat ion, there are difficulties in establi shing a satisfactory
formal classification into meaningful groups at suprageneric levels (SARJEANT & KENNEDY,
1973). In view of difficult ies in th e application of the discussed classifications, similarly as in
the previous paper (KSIJ\ZKIEWICZ, 1970), an informal classification based on purely mo rpho­
logical features has been ado pted . The traces are divided into ten groups. To a certain extent
each of these reflects both the morphology of the trace and the behaviour of the producer.
The following groups are distingui shed: 1. Circular ; 2. Simple; 3. Branched; 4. Rosetted;
5. Spreiten; 6. Winding; 7. Spiral ; 8. Meandering ; 9. Winding and meandering with branches;
10. Networks.

This is a purely auxiliary classification used in order to group together similar types and
to avoid their descript ion in an alphabetic order. In no sense does this grouping imply that
the groups form any taxonomic or parataxonomic classes. The boundaries between them , with
few exceptions, a re sharp. For a few types only it may be debatable whether they should be
included in one gro up or another. For example, some simple forms have only one or two
branches ; they may be included eith er in th e second or the third group, th e latter being cha­
racterized by num erous branches, the former by no branching. Certain types, like Gyro chorte,
have an intermediate posit ion between simple and winding traces, or like Helminthopsis ,
between winding an d meanderin g traces. There are also some intermediate types bet ween
branched and spreiten types, like L ophoctenium. These few instances do not invalidate the
classification adopted.

In the etho logic interpretation the follo wing terms are used in thi s paper: feeding burrows
denote galleries or furrows made by the anima l during its locomotion and imm ediately filled
with egested mat erials ; feeding and habit at ion burrows are galleries excava ted pre sumably
by th e animal during the feeding process and serving as pr obabl y temporary dwelling holes;
as feeding tr ails are term ed the traces produced by the animal when in order to get food by
means of the pr oboscis or tent acles it made galleries in the sediment or grooves on its surface.
Locomotion trails are furrows or galler ies made by anima ls crawling on the surface or in the
sediment, but not filled with excrements. If the locomotion of the animal is marked not by
a continuous trace (trail) , but as a series of imprints, as if made not by crawling but by walking,
the tr ace is termed track. Shelter burrows are holes mad e by animals for a presumably tem-
porary protection. .

Most of the Carpathi an traces belong to the first category (table 3). In severa l types these
categories may comb ine. Certain types presumably consist of feeding burrows and lateral
feeding trails.

Several types described here can formally be treat ed as "genera" and "species", since ac­
cording to the rules of the International Com mission of Zoological Nomencla ture the names
of trace fossil s (tracks, burrows etc.) introduced before 1931 are recognized as valid, while
the names used afte r 1931 are invalid . It follo ws th at a tr ace named before 1931 is included
in th e binominal system of the zoological nomenclature, but the trace described after that
date is not. Th is is, certainl y, an absurd situation, and many workers have dem anded a uniform
system of tr ace .fossils nomenclature. HXNTzscHEL and KRAUS (1972) use th e abunda nce of
types of trace fossils in the Polish Carpathi an s as an argument for this. On this account throughout
the paper the terms "ichnogenus" and "ichnospecies" (proposed first by SEILACHER, 1953a)
have been used for all trace fossils named both before and after 1931, as in man y of the articles
in "Trace Fossils" edit ed by CRIMES and H ARP ER (1970).
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There arc many new ichnogcncra a nd ichnospecies proposed in this paper, although the
author has tried to limit their number as much as possible. In th is respect the view of OSGOOD
(1970) that "trace fossils must be named to survive" was, however, also kept in mind. The
introduction of new names is due to the wealth of the Carp ath ian materi al collected in bed s
of considera ble age range and thickness, and to great lateral variat ion in the facics and lithology.

The spelling of the names used in th is paper follows that employed by Hii.NTZSCHEL (1962,
1965), although the aut hor in some previous papers followed LESSERTlSSEUR'S (1955) simplified
spelling (( Beloraphe instead of Belorhaph e, Hercoraphe instead of Hercorhaphe, etc., sec also
ABEL; 1936, Spiroraphe instead of Spirorhaplte),

T RACE FOSSILS AN D LITHOLOGY

There is little doubt that lithology to a considerable extent influences the preservation and
distributi on of trace fossils, as has already been pointed out by several a uthors, more recently
by FREY (1970), and in relation to the Carpnthian flysch, by the present author (1970). The
most important contro lling factors are the nature of the sediment and the thickness of the layers
on the base of which the traces occur.

In the Carpathian flysch the compl exes rich in trace fossils d isplay the following features :
I. Sandy layers arc thin-bedded (table 3), alternating with shales of similar thickness.
2. Sandy layers arc fine-grained, hor izont ally or ripple-current lam inated.
3. Both indigenous clays and current-borne sand s and silts are light in colour.
4. Soles of sandy layers arc flat with no or poorly developed flute c.ists .
Although it is beyond do ubt that the influence of lithology on the developme nt and

abundance of trace fossils is considerable, other factors might play an important role, such
as depth of wate r, amount of food , distance from the shore and evoluti onary trends of the
infauna. There arc many instances in which we arc not able to say with certainty which factor
was the most decisive.

Most of the Carpat hian trace fossils are post-dcpositiona l in origin (table 3). Since they
were produced most commonly at the base of clement I, its thickness and coarseness were
the limit ing fact ors . It leaves no doubt that it was easier for the burrower to wor k below a thin
cover, where its oxygen req uirements were more eas ily satisfied. Actuall y, in the Carpathian
flyseh trace fossils are much more numerous and bett er developed in the thin than in the
thicker elements I. Most of the burrowers pre fer red fine-grained sediment. In the Ilysch the
grain size is linked with grading, the bedding may be graded, composite (graded passing upward
into laminated, KSI,\ZKIEWICZ, 1954), horizont ally or obliquely Iaruina tcd. In the first instance
the basal portion is more or less coarse, in the second fairly coarse, while in the third, and,
especially in the fourth, the basal port ion is fine-grained. Post-dep ositional traces arc infrequent
in the first type of bedding, more frequent in the second and thi rd types and most frequen t
in the fourth type.

The type of bedding has also some influence on the preserva tion of prc-dcpositional traces,
since the deposition of sandy layers is connected with some erosion of the sea-floor. The th icker
layers were admittedly laid down by stronger currents that to some degree eroded the floor.
It seems that the eros ion cau sed by the current that depo sited very th ick layers was sma ll.
Very likely these current s were eithe r over loaded or a traction carpet (DZULYNSK I& SANDERS,
1962) preventing scouring of the underlying mud was form ed. These n~ ay be the reasons why
very thick sandstone layers have many prc-dcposit ional traces on their soles. The sandstones
of moderate thickness often display abunda nt flute casts on their soles which ind icates some
scouring of the 1100r. On these soles prc-dcpo sitional traces only ra rely occur. Th is leads to
the inference that the sand-bearing current ob literated the surface traces on the floor , and
also destroyed the burrows below it more or less ent irely. The middle par t of the Kr osno Beds
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and the Godula Beds may serve as examples. Horizontally laminated layers were deposited
in all likelihood by weak currents, with small or hardly any erosion of the floor , as evidenced
by small flute casts or their absence. In these beds pre-depositional traces are fairly common
(mo st of the Taphrhelminthopsis and Spirophycus specimens occur in these beds). The layers
with ripple-current lamination were presumably deposited with no scouring of the floor . In
the se layers pre-depositional traces abound. This is in agreement with the observation of
O SGOOD (1970) who noted the great abundance of traces in cross-laminated beds.

The composition of elements I is another factor to be reckoned with . The burrowers (de- .
po sit feeders) extr acted their nouri shment mainly from argillaceous matter, although they
possibly made use of bacterial film covering sand grai ns. They cou ld find more abundant food
in layers with a greater amount of clayey substa nce. This is another reason for the abundance
of post-depositional trace fossils in laminated layers , as these are richer in day than the graded,
coarser layers. In addition, most burrowers pre ferred finer grains for their diet.

It is str iking that elements I with glauco nite are on the whole poorer in post-deposi tional
trace fossils. This is the case with the Godula Beds, the Hieroglyphic Beds and with all interbeds
of glauconit ic sandstones in other horizons. Certainly, ot her factors, e.g. depth of water,
might have caused this, but it may be surmised that the trace producers tended to avo id layers
with aboundant glauconite.

Whether the pre sence of undecomposed vegetab le matter was attractive for trace-makers,
is debatable. Most work ers believe that the infaun a makes use of decomposed products, and
not of primary matter, but it is noteworthy that Z oophycos often occurs in the upper part of
element I which ha s been enriched in plant-remains.

Several types of trace fossils are connected with calcareous rocks . Chondrites and Taenidium
occur in marl s, limestones and marly siltstones, and as often as not are absent in purely argil ­
laceous sediments. The y were probably made by specialized kinds of animals which were able
to burrow and extract food in limy sediments.

Since the flysch trace-makers worked chiefly along the underface, its character might have
influenced the development of biogenic structures. It appears that the beds with numerous
flute casts (mo st of the Godula Beds, the Hieroglyphic Beds, the middle part of the Krosno
Beds) are poor not only in pre-deposition al traces, the reason of which has already been ex­
plained , but also in post-depositional burrows. The layers in these complexes with flat or only
feebly fluted underfaces may contai n post-depositional traces. The inference is that the uneven
surface presented obstacles to burrowing animals which tended to avoid it.

The ratio of sandstones (or limestones) to sha les has also a marked influence on the
abundance of the ichnofauna. In the complexes composed of alternating sandstones and sha les
of similar thickness with a ratio of I : 1 or I :2 the trace fossils are more abundant than in the
complexes in which the ratio is below that value. The sandy interbeds in such complexes,
although they have all the features favourable for the presence of trace fossils, are almost
always devoid of them. The probable reason of this is that the flysch ichnofauna was of a special­
ized kind , consisting mostly of animals preferably burrowing along the clay/sand interface.
A prolonged stretch of only clay sedimentation might have been prohibitive for their develop ­
ment , and tho se region s of the sea-floor on which for a longer time span only clay particles
accumulated were aband oned by most of the trace-making animals. An occas ional inflow of
sand created better conditions for their act ivity, but trace producers were absent in the region.

A prolonged sedimenta tion of complexes with predominant sandy interbeds, with a ratio
of 4: 1 or more , had a similar effect. Tt led to the extermination of the lower interface burrowers,
and even afte r it ceased, and compl exes with features favourable for the development of the
interface trace-makers were depo sited again, a longer period was required until the ichnofauna
appea red in some stre ngth.

It is known that poor aeration of the bottom and interstitial waters of surface sediments
is a prohibitive, or at any rate obstructive factor for the development of fauna whet her living
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on the sea-floor or burrowing in the substratum. EMERY and HULSEMANN (1962) showed how
small differences in the content of oxygen in bottom waters control the presence or absence
of benthonic fauna. The example of black shales with traces described by RICHTER (1931)
indicates that the black colour in sediments alone does not necessarily mean a total absence
of oxygen. Nevertheless, in the Carpathian flysch the complexes in which dark shales pre­
dominate, particularly when disseminated pyrite is also present, are markedly poor in trace
fossils. The Upper Cieszyn Shales, the Lgota Beds , the Istebna Beds and the Menilitic Shales
may serve as examples, although the presence of impoverished foraminiferal assemblages in
them indicates that their environment did not reach a truly euxinic stage.

PRODUCERS OF TRACE FOSSILS
(table 3)

In most cases, if not in all, what the producer was can only be guessed. In no instance have
any body fossils, remains or imprints associated with biogenic structures been found . The
situation is similar to that of the traces on the present-day sea-floor: there are many tracks,
trails and burrows seen on numerous submarine photographs (HEEZEN & HOLLISTER, 1971,
HERRING & CLARKE, 1971), but only in a few instances the animals which made them have
been photographed, or has it been possible to assign the trace to a particular animal.

Since biogenic structures reflect both the morphology and behaviour of the producers,
certain conclusions may be drawn from the morphology of the structures. The animal when
burrowing through the sediment may impress its sculptural features on the walls of the ex­
cavation. Transversal annulations (as in annelids) or longitudinal musculature (as in priapulids)
may be imprinted on the wall of the gallery, especially when the wall is hardened with secreted
mucus. When the animal is moving in the sediment, transversal or longitudinal elements of the
surface sculpture of its body (spines, warts, muscles) may be impressed or made scratches
or pits on the wall of the burrow gallery. Their counterparts may be preserved on the surface
of the burrow filling. These features compared with those of the present-day inhabitants of
the sea-floor, particularly those which are known to burrow in sediments, may give a clue
to the determination of the trace producers. Certain fossil traces may also be compared with
the marks left by crawling animals on a soft substratum known mainly from intertidal flats
(AnEL, 1936; SCHAFER, 1972 and numerous other authors). It should, however, be kept in mind
that the movement of the animal body may obliterate or deform the structure impressed on
the wall of the burrow or on the trail, change it partly or entirely and impress rather the manner
of its locomotion than the outline and sculpture of the body. For the most part the burrows
are filled with excretory material. If the animal squirted its excrement intermittently, an annu­
lated "coprolithic sausage" may be formed imitating the annulated morphology of the pro­
ducer's body. There arc many reasons why no much reliance can be placed on the morphology
of biogenic structures, but in the present state of our knowledge this is one of the main line
of approach.

The problem is particularly difficult with respect to the material described. More than half
the ichnospecies were produced by marine animals living in the sediment below the sea-floor,
and very few made by sessile animals or by animals crawling on the sediment. If the biology
and behaviour of the latter are known in a very rudimentary way, the habits of the former
are practically unknown, except for a few shallow-water types which seem to be absent in the
flysch.

In brief, any determinations of the producers can only be matters for conjecture, and the
attempts at interpretation given in this paper, summarized in table 3 and substantiated in the
descriptive part, should be treated with caution.

It follows from table 3 that at least 60 %of the ichnospecies are ascribed (tentatively, of
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Mammillichnis aggeris CHAMBERLAIN pre I 3 4 H sh cr ustac ea n

Bergau eria prantli n. ichnosp . pre

I

4- 5 75 H sh anthoz oa n

Pararusophycus oblongus n. ichn osp. pre 4-5 75 H sh cr ustacean

Traucumichnis glaber n. ichnosp . post E fd echinoid
- - - - - - -
Arthrophycus annulatus n. ichnosp . post 3-4 4 E n f polychaete or

echinoid

A rthrophycus strictus n. ichnosp. post 3-4 9 H f polychaete

Arthrophycu s dzulyn sk ii n . ichnosp. po st 1·5 H r pol ychaete

Fucusopsis angulata PALlBI N po st 3-5 6 H f pri apulid

Fucusopsis annulata K SI-\ZKIEWICZ post 3- 4 5 H f pri apul id

Fucusopsis striata (HALL) post 3 H f priapulid

Halymenidium sublumbricoides (AZPEITIA) post 3-4 5 H,En f ochiuro id or
sipunculid

Halymen idium oraviense (KSI-\ZK IEWICZ) post 2-4 4 H, En r ochi uroid o r
sipunculid

Keck ia annulata G LOCKER post 4 H , E r polych aete

Keckia hoessii (STERNB.) post 2- 3 3 E,En f polychaete

Planolit es reinecki n. ichno sp . post 4 H f priapulid

Rhabdoglyphus grossheimi VASSOEVICH post 5 H f polych aete

Rhabdoglyphus spinosus n. ichnosp. post 3 7 H f polych aete

Rhabdoglyphus calicifor mis n. ichn osp . post 7·5 H f polych aete

Rhabdoglyphus aff. caliciformis 11. ichnosp . post E f polychaete

Rhabdoglyphus sulcatus 11. ichnosp . post 4 H f polychaete

Rhabdoglyphus compositus n . ichn osp . post 1- 2 3 H f polychaete

Sa bularia simplex n. ichnosp. post 10 20 H,En f pol ychaete
E, Ex

Sabularia rudis n . ichnosp . post 10-1 5 50 En ,H, f polychaete
Ep,Ex

Sabularia tenuis n. ichnosp . po st 10 20 H f polychaete

Sabularia ram osa n . ichnosp. po st 2- 3 5 H,Ex f polychaete
- - - - - - - - - - - - - - - ---

Buthot rephis aff. palmata HALL post 4 H fd pol ychaete

Buth otrephis aff. succulens HALL post 25 H fd polychae re

Buth otrephis bifurcata n. ichno sp . post 3-4 4 H fd pol ych aete ,

Buth otrephis bilix n. ich nosp. post 2-4 4 H fd polychaete

Chondrites aequalis STER NBERG pre Ex fd sipunculoid

Chondrites affi nis (BRONGNIA RT) pre Ex fd sipuncul oid

Chondrites arbuscula FI SCHER OOSTER pre Ex fd sipunculoid

Chondrites expansus F ISCHER OOSTER pre Ex fd sipunc ulo id

Chondrites filiformis FISCHER OOSTER pre Ex fd sipunc ulo id

Chondrites flex ilis FISCHER OOSTER pre Ex fd sipunculo id

Chondrites fur catus (BRONGNIART) pre Ex fd sipunculo id

Chondrites intr icatus (BRONGNIART) pre Ex fd sipunculoid

Chondrites patulus FISCHER OOSTER pre Ex fd sipunculoid

Granularia indet , post En,Ex fd polychaete

Lophoctenium ram osum (TOULA) post 1-2 13 H , E f polychaete

Lopho ctcnium aff. comosum R EINH . R ICHTE R post 3 H,E f pol ych aete

cont.

2 - P a la eo n to lo gi a P olonica N o. 36
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Phycodes aff . har/ani H ALL I po st I 5 En I f polychaete

Strobi/orhaphe clavata K SlltZKIEWICZ

I
post 3-4 5 H fd po lycha ete

Strobilorhaphe pusilla K SlltZKIEWICZ tlost 2-3 I 3 H I fd po lychae te

Stro bilorhaphe glandif er n. ichnosp. I post 4-5 5 H fd pol ychaete

Taenidium annulatum (SCHAFHAUTL) pre Ex fd polychaete

Taenidium isseli (SQUlNABOL) pre Ex fd po lychaete

Bostricophyton pantenellii SQUINABOL pre Ex fd po lychaete
-

1- -6
- - - - -

Lorenzinia aff. apenninica G ABELLI pre 4 H ft hydromedusa

Lorenzinia carpathica (Z UBER) pr e 12 H ft hydromedusa

Lorenzinia ku iniari n. ichnosp. pr e I ? I H ft hydromedusa

Lor enzinia curticostata n. ichnosp . pre I 6 H ft hydromedusa

Loren zinia kulczynskii KU:lNIAR pre ? H ft hydromedusa

Lorenzinia perlata KSI.-\ZKIEWICZ pre 6 H ft hydromedusa

Lorenzinia moreae RENZ pre 6 H ft hydrome dusa

Lorenzinia aff. moreae RENZ pre 6 H ft hydromedusa

Sublorenzinia plana K SIItZKIEWICZ pre 3- 5 35 H ft polychaete

Sublorenzinia nowaki (KslltZKIEWICZ) post 10 35 H f polychaete

Sublorenzinia pustulosa n . ichnosp. post 6 H f polychaete

Sublor enzinia pusilla n . ichnosp . post ? 4-5 7 H f polychaete

Capodistria vettersi VIALOV po st 4-6 12 H f polychaete

Glockeria glockeri KslltZKIEWICZ po st 15 H f pol ychaete

Glockeria sparsicostata KslltZKIEWICZ post 15 H f pr iapulid

Glockeria disordinata n. ichnosp . post 4 H r po lychaete

Glockeria parvula KsI.-\i:KIEWICZ pre 3 H ft po lychaete

Fascisichnium ex tentum KSI-\ZKIEWICZ pos t 8- 10 15 H ft lamellibran ch
or
hydromedusa

Asterichnus aff . lawrencensis BANDEL post E ft cr ustacean

Gyrophyllites k wassizensis G LOCKER post E f po lychaete
--- - --

Phycosiphon incertum F ISCHER-OOSTER post En , E f pol ychaete

?Rhizocorallium indet. post H , E f crus tacean ?

Zoophycos brianteus MASSALONGO post En f polychaete

Zo ophycos insignis SQl1JNABOL post En f polychaete

Anemonichnus concentricus CHAMBERLAIN post En f anemone ?
- - -

Gyrochorte burtani n. ichnosp. post 1- 5 10 H f amphipod

Gyrochorte imbricata n. ichnosp. post 3 H f amphipod

Gyrochorte obliterata n . ichnosp. post 10 H f amphipod

H elicorhaphe tortilis KSlltZKIEWICZ post 4 H f poly chaete

Helminthops is abeli n . ichnosp . post 2-3 30 H f pol ych aete

Helminthopsis hieroglyphica H EER po st 6'5 H f po lychaete

Helminthopsis irregularis (SCHAFHAUTL) post En , E f pol ych aete

Helminthopsis tenuis KslltZKIEWICZ po st 2-5 75 H f polychaete

Helminthopsis granulata KslltZKIEWICZ po st 5 H f pr iapulid

M uensteria geniculata STERNBERG post En f gastropod

Muensteria hamata F ISCHER-OOSTER post En f gast ro pod

Muensteria planicostata n. ichnosp. pre 4 H It gast ropod

Naviculichnium marginatum n. ichnosp. po st E f polychaete

Oniscoidichnus carpathicus n . ichnosp. post E tr isopod

Scolicia prisca DE QUATREFAGES post E It, f polychaete

Scolicia plana Ksl ltZKIEWICZ I post E It, f polychaete

cont .
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Scolicia vert ebralis n. ichnosp . po st E It, f polychaete

Subphyllochorda granulata KSI-\ZKIEWICZ post 2-4 4 H,En f ho lothurian

Subphyllochorda striata K SI-\ZKIEWICZ po st 3 3 H f holothurian

Subphyllochorda rudis KsI-\ZKIEWICZ post 3 3·5 H, Eo f holothurian

Subphyllochorda /aevis KsI-\ZKIEWICZ pre 4- 6 15 H It ?

Taphrh elminthopsis auricularis SACCO pre H It so lenogastre

Taphrhe/minthopsis vagans KSI-\ZKIEWICZ pre H It solenogastre

Taphrhe/minthopsis rec ta SACCO pre H It solenogastre

Tuberculichnus vagans n . ichnosp. post 8 H r nematode?

Tuberculichnus meandrinus n . ichn osp . pos t 8- 10 45 H ft?
It ? nematode?

Tuberculichnus bulbosus n. ich nosp . pIe 6-7 H ft ?
It ? nematode ?

Tubulichnium incertum n, ichnos p . post Eo fd crustacean
--- --

Spirorhaphe invo/uta (DE STEFANI) po st 4-10 40 H f pol ychaete

Spirorhaphe zumayensis LLARENA post Ex f pol ychaete

Spirophycus bicornis (H EER) pre, post 4-6 8 H It,f polychaete

Spirophycus capr inus (HEER) pre, post 6 H It, f pol ychaete

Spirophycus involut issimus (SACCO) pre 4 H It polychaete
-

Cochlichnus aff, anguin eus HI TCHCOK po st 15 H f pol ychaete

Cosmorhaphe gracilis n. ichnosp , post, pre 5·5 H It,f pol ychaete
""or gastropod

Cosmorhaphe slnuosa (AZPEITIA) post , pre 4-5 25 H It, f ..
Cosmorh aphe helm inthop soidea n . ichnosp. pre, post 5 H It, f ..
Cosmorhaphe fu chsi KSI-\ZKIEWICZ pr e, post 2- 4 H It,f ..
Cosmorhaphe(?) tortuosa KSI-\ZKIEWICZ ? 4 H ? 'l
Gordia mo/assica (H EER) pos t 12 H r, It polych aete

Gordia arcuata n . ichn osp. pre 1- 4 5 H It? polychaete

Helicolith us sampe layoi AZPEITIA post 4-6 14 H f polych aete

Helminthoida labyrinthica H EER pre Ex, E f polychaete

Helminthoida serrata n. ichnosp. pre En,Ex f pol ychaete

H e/m inthoida crassa :SCHAFHAVTL post 3-5 5 H f polych aete

Helminthoida miocenica SACCO' pos t, pr e 2-4 H f, It pol ych aete

He/minthoida alterna n . ichnosp . post 4-5 7 H f pol ychaete

Helminthoida helminthopsoidea SACCO post ? 2-3 3 H f ? polychaete

Helminthoida aculeata n. ichnosp . post 20 · H f polychaete

Pa/eomeandron elegans P ERUZZI post 4 12 H f pol ychaete

Paleomeandron rude PERUZZI pos t 5 H f pol ychaet e

Pa/eom eandron robustum KSI-\ZKI EWICZ po st 4 H f polychaete

Taphrhelminthoida convoluta n . ichnosp . pre, po st 10 H It,f solenogastre
Taphrhelminthoida plana (KSI-\ZKIEWICZ) pre, post 10 H It, f solenogastre

..- - - - --
Acanthorhaphe delicatula n. ichnosp. po st 3-5 6 H f polychaete

A canthorhaphe incerta K SI-\ZKIEWICZ post 3-4 4 H f polychaete

Belorhaphe zickzack (HEER) post , pre 6 H f pol ychaete

Belorhaphe f abregae (AZ PEITIA) post , pre 6 8 H f pol ychaete

Protopaleodictyon incompos itum KsI -\ZKIEWICZ po st 15 H f poIych aete

Protopaleodictyon minutum n. ichnosp. pre? 75 H f poIychaete

Protopa/eodictyon submontanum (AZPEITIA) post 5- 12 50 H f poIychaete

Urohelminthoida appendicu/ata (HEER) post 3-4 6 H f poIychaete

Urohe/minthoida dertonensis SACCO po st 5-8 20 H f pol ych aete

cont.

2'
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Desmograpt on fu chsi n. i hn osp .

IM egagrapton irrcgulare K , ,, Z KIEW ICZ

M egagrapton tcnue K I" ZKI EWICZ

Paleodictyon minutissimum K ."ZKIEWI Z

Palcodictyon minimum S ACCO

Paleodictyon latum . ALOY & G OLEY

Paleodictyon intermedium K SI,\ ZKIEW • ..­

Paleodictyon intermedium f. puncta ta
Paleodictyon strozzii M ENEGllI I

Paleodictyon lII iOCelliClI1II S ACCO

Paleodictyon miocenlcum f. punctata
Paleodictyon miocenicum f. plcurodictyonoides
Paleodictyon carpathicum I A1 VASOYSZ KV

Paleodictyo n regulare S ACCO

Paleodictyon regulare r. pleurodict yonoldes
Paleodictyon iliajus I ENEGIIl NI

Paleodictyon tellinii S A 0

Palcodictyon afT. gomezi ZPEITIA

po t

post
post
pos t
pre ?
post
po t

post
pos t
post
post
post

pos t ? I
po r, prc I

I pos t
po t

p OSI ? I.,
post

I

3- 5
3-6

2·5

3
2- 5
2-5

3- 5
1- 3

2- 3

15
12

3
10

9
5
7
3

10
6
6
2
6
5·5

10
15
7
4

\-I
H
H
H

H
H
H
H
I-I
\-I
H
H
H
H
H
H
H
H

f
f
f
r

f
f
f
f
f
f
f
f
f
r
f
f
f
f

po lychae te
polychactc
polychactc
polych aete

po lychaete
polych aete
po lycha cte
polychacte
po lychaete
polych actc
polychaete
polychactc
polychaete
pol ychaete
polychaere
polychactc
polychacte
pol ychaete

A bbreviat ions : pre - pre-deposi tional ; pOSI - post-d epositi ona! ; [ - feeding bur row ; [ 1 - feeding tra il ; sh ­
shelter burrow; /1 - locom otion burrow; fd - feeding a nd habita tion burrow ; I ,. - track ; H - hypichnial , E - q~ ich­

nial, Ell - en dichnial, Ex - exichnial su ucture,

course) to polychaet e worms, and the rest to solenogas ters, sip unculids, priapulids and other
worm-shaped anima ls (enteropneusts ?) with some ass igned to gast ropods and lam e lIibranchs
and very few to echinode rms and crustaceans.

VE RT ICA L DISTRIB UT IO OF TRACE FOSSILS
(tables 4-6)

T he oldest beds of the outer Carpathian range which occ ur at the sur face do not d isplay
any features of the tlysch facies. They are marl y Tithonian Lower Cieszyn Shales. They contain
few trace fossils: Sabularia, Granularia 'l and Zo ophycos.

Grad ually those beds pass upw ard into Cieszyn Limeston e (U ppe r T ith onian - Berr iasian) .
This unit consists of grad ed and laminat ed calcaren ites a lternating with marly sha les. Th e
ca lcarenites are thin-bedd ed and the sha ly inte rbeds are of the same th ickness, except fo r the
upper part , where calcarenites occur in th ick layers. With the outse t of the ftysch regime typical
ftysch assem blages of trace fossils appea r in some strength. Nearl y all char acterist ic ichn ogenera
such as chondritids, Belorhaphe , stellate for ms, hclmin thoids and palcodi ctyonids appear,
though represented by a small number of ichnospecies (30) and speci mens (table 4). The
fauna is not varied in spite of favourable stra tinomic condition s. In all likelihood in this case
the time factor played a ro le : an a pp reciable tim e is required to evo lve a highly diverse fauna
(SANDERS, 1968), and the condi tion s favouring the appea rance and development of the flysch
type ichnofau na on ly commenced with the deposition of the Cieszyn Limestone.

With the deposition of th e Upper Cieszyn Shales (Valanginian) condi tions for the bott om
fauna dete riorated. Th ese beds consist of thin -bedded sandstoncs and u ua lly predominan t
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black sha les. The dark colours of the sediments and occurrences of argillaceous sidcrites point
to poor aeration of the bottom waters. Thi s was probably the main cause of the impoverishment
of the ichnofauna. The number of ichnospecies is almost halved (17) and their individual
abundance is also very low. Poor oxygenation was not quite prohibitive for trace-makers, as
even in black shales chondritids occur, but probably other factors , namely a greater amount
of shales also played a role. In essence the character of the ichnofauna was maintained: stellate

Tabl c 4

TRACE FOSSILS OF TH E NEOCO MIAN
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Megagrapton tenue

Paleodictyo n carpathicum

Pal eodictyon interm edium

Paleodictyon miocenicum
Pa leodictyon stroz z ii

Paleodictyon tellinii

Gyrochorte burtani
Gyrochorte obliterata

Helminthopsis abeli

Helminthopsis granulata
He lm inthopsis hieroglyphica
Helminthopsis tenuis
Naviculichnium indet.
Tubcrculichnus meandrinus

Phycosiphon incertum
Zoophycos indet.

Gordia molassica

Helminthoida crassa

A canthorhaphe incerta

Belorhaph e ziekzaek
Urohelminthoida dertonensis
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Sa bularia simp lex x x x x
Sabularia rudis x x x F
Sabularia tenuis x x
Sabularia ramosa x x
Fuscusopsis str iata x
Halymenidium oraviense x
Keckia hoessii x x F x
Rhabdoglyphus calicifo rmis x
Rhabdoglyphus sulcatus x

I~ - - - -
Buthotreph is bilix x
Buthotreph is aff. slleell/CI1S ? x
Chondrites aeqllalis x
Chondrites affillis x x
Chondrites arbu sellla x
Chondrites fur catus F x
Chondrites intricatus x x
Chondrites indet. x x
Lopho ctcnium aff. COI1 IOSII/lI x -:1-- -
Glockeria glo ckeri x x
Sublorenzinia plana x x x
Sublorenzinia nowak i x x
A sterichnus aff. lawrcncensis I x
Gyrophyllites indet. ?

cont.

types, Belorhaphe, palcodictyonids, but chondritids, abundant 1I1 the Cieszyn Limestone,
almost disappeared. No new types appeared.

The Grodziszcze Beds (Hauterivian) cons ist of thin-bedded sandstones alternating with
marly shales which predominate in some sections. Light-coloured sediments returned and this
is probably the reason for a marked increase in the diversity of species (25). Chondritids reappear
in some strength, individually less abundant than in the Cieszyn Limestone; stellate traces
are less frequent but of the same type . New types that will play a considerable role in later
stages appear: Keckia , Gyrochorte, Urohelminthoida.

The sedimentation of the next horizon, Verovice Shales (Barremian - Aptian) brought an
almost complete extinction of the relatively rich and diversified ichnofauna of the preceding
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T able 5
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Mammillichnis aggeris
Bergaueria prantli
Trau cum ichnis glaber

--- ---
Sabularia simplex
Sabularia rudis
Sabularia tenuis
Sabularia ram osa
A rthrophycus annulatus
Arthrophyc us strictus
Fucusopsis angulata
Keck ia annulata
Keckia hoessii
Planoli tes reineck i
Rhabdoglyphus compositus
Rhabdoglyphus gro ssheimi
Rhabdoglyphus spinosus
Rhabdoglyphus sulcatus
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Bostricophyton pantenellii
Buthotrephis bifu rcata

Buthotrephis aff. palmata
Buthotrephi s aff . succulens
Buth ot reph is indet.
Chondrites aequalis
Chondrites affinis
Chondrites arbuscula
Chondrites cxpansus
Chondrites filiform is
Chondrites fle x ilis
Chondrites fur catus
Chondrites intricatu s
Chondr itcs indet.
Granularia indet.
Lophoctenium ramosum
Lophoctenium afT. comosum
Strobilorhaphe clavata
Strobilorhaphe pusilla
Taenidium annulatum
Taenidium isseli

Lo renzinia aff. apenninica
Lorenzinia carpathica
Lorenzinia kuiniari
Lorenzinia kulczynsk ii
Lorenizinia moreae

Sublorenzinia plana
Sublorenzinia nowaki
Sublorenzinia pustu losa

Sublorenzinia pusilla
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cont.
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Glockeria sparsicostata

I
x

Glockeria parvula x
Capodistria vettersi x x

I
x

Fascisichnium extentum x

Gyropltyllite s kwassizensis I , X-- - I-'F - - - - -- - - - -
Phycosiphon incertum x F
Z oophycos brianteus x x
Zooph ycos insignis x x x x x x
Zoophyco s indet. x x x x x

-- - - - - -- - - - -- - - - - - -
Gyrochorte burtani x
Helminthopsis abeli x x F x x x F
Helminthopsis hieroglyphica x x x x x
Helminthopsis irregularis x x
Helminthopsis tenuis x x x x
Muensteria geniculata x
Muensteria hamata x x
Muensteria planicostat a x
Naviculichnium marginatum x
Scolicia plana x F F F x ? F
Scolicia prisca x
Scolicia vertebralis x x x x
Subphyllochorda granulata x x x
Subphy/lochorda /aevis x x x x x
Subph yllochorda rudis x x
Subphyllochorda striata x
Taphrhelminthopsis auricularis x x x x F
Taphrhelminthopsis vagans x x x x x x
Tuberculichnus meandrinus 'x x x
Tuberculichnus vagans x x
Tubulichnium incertum F x x

- - -- -- -- -- ---- - - - -
Spirorhaphe involuta x x x
Spirorhaphe zumayensis x
Spirophycus bicornis x x x x
Spirophycus caprinus x
Spiroph ycus involutissimus x x x

- - - - -- - - - - -- -- - - - -
Cosmorhaphe gracilis x ' x x x
Cosmorhaphe sinuosa x x
Cosmorhaphe he/minthopsoidea x
Cosmorhaphe fuchsi x
Gordia molassica

I
x x

Helicolithus sampe/ayoi x x x
Helminthoida crassa x x x x x x x F
Helminthoida helminthopsoidea x x
Helminthoida labyrinthica x x x F
Helm inthoida miocenica x x x
He/minthoida serrata x x
Paleomeandron elegans x x
Taphrhelminthoida convoluta ? x x

- - -- -- -- -- -- -- --
Acanthorhaphe delicatula x x x
Belorhaphe fabregae x
Belorhaphe zickzack x
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Protopaleodictyon incompositum
Protopaleodictyon submontanum
Urohelminthoida appendiculata
Urohelminthoida dertonensis

Desmograpton fuc hsi
M egagrap ton indct.
Palcodictyon minim um
Paleodictyon latum
Paleodictyon intcn ncdium
Paleodictyon miocenict.m
Paleodictyon miocenicum f. plcur odictyonoidcs
Pa!eodictYOIl strozzii
PaleodictYO Il carpathicum
Pa!codictyon regulate f. pleurodictyonoides
Paleodictyon majus

I Palcodictyon tellinii

x

x

x

x

x

x

x

x

x

x

F

x

~
o
E
2

tIl

x
F

unit. These are black shales with argi llaceous sider ites and very few intercalations of sandsto nes.
Both factors, poor oxygenat ion of bottom waters and lack of sandstones, were unfavourable
for the ichnofauna and only few trace pr oducers surv ived. The only traces are Keckia, Gyro­
chorte and Gyr ophyllites (?).

During the deposition of the Lgota Beds the cond ition s improved only slightly. At first
in man y regions th ick-bedded sandstones were deposited , also an unfavourable fact or , followed
by thin-bedded sandstones alternat ing with sha les in various propor tions. Dark-coloured sha les
still pr evailed, but green sha les were also pre sent indicating an improve ment in th e bottom
conditions. The ichnofa una only slowly recovered. It is poor in the number of ichn ospecies (11)
and specimens. Several types characteristic of Neocomian beds disappear (Glockeria, Gyr o­
chorte) and new ichn ogenera, although very scarce, appea r for the first time ( Sco licia, Sub­
phyllochorda, Taph rhelminthopsis) , These types will play a considerable role in the higher
formation s of the Carpathi an flysch.

During the Late Cretaceou s (tabl e 5) con sider able changes took place in the palaeogeo­
graphy of the Carpathian flysch ba sin. The previously single basin wa s divided into two troughs,
a northern and a southern . At the same time the bottom conditions improved considerably as
evidenced by the light colours of the scd iments, appea rance of red shales and the abundant
benthonic foraminiferal assemblages .

In the GoduIa Beds (Cenoma nia n - Lower Senonian) lith ologic conditions for the de­
velopment of the ichnofauna were no t too favourable. These beds were laid down in the northern
through. In the western part th e format ion con sists of alternat ing sandst ones and shales , but
in man y sections thick-bedded sandsto nes predom inat e and glauconite is present. In the eastern
part the Godula flysch is replaced by va riegated sha les, mo stly red , with few intercalations
of sandstones. In spite of this further development of the ichnofauna is not iceable, although
it is not exuberant. The total number of ichnospecies known from thi s very thick formation
is only 35; in some parts of th e formation much smaller, and the number of specimens is also
low. Nevertheless, new elements, although sp ari ngly, appear : Fucusopsis angulata, Strobilor­
haphe, Spir opliycus and Desmograpton, and the number of types of Subphyllochorda and
Taphrhelminthopsis increases. Meandering and reticul ated type s are pre sent but are very rare
and of small specific diversity. Scolicia seems to be more abundant than any other type.
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In th e eastern part of the tr ough partly coeval with th e G odula Beds "S iliceou s M arl s"
(Turoni an - Lower Senoni an ) a re developed. Th is carbonate f1ysch has a particular kind
of ichno fauna, consist ing mo stly of numer ous chondri tids, while ot her types are poorly re­
present ed. The Jasienica M arls , partly of th e same age (Cenomanian - Turon ian ), developed
in the axial zon e of the northern tro ugh a nd wit h no f1 ysch featu res, are devoid of trace fossils,
except for sma ll Zoopliycos . \ .

The Sen oni an time s br ing a grea t incre ase in the spec ific and numerical abunda nce of
tr ace fo ssils. The Ca rpath ian ichn cfauna atta ins the clim ax of its development in thi s period .
Several ichnogenera appea r for the first t ime in the basin: Spirorhaphe, Cosm orliaphe , Loren­
zinia , and helminthoids an d pal cod ictyonids together with Taphrhelminthopsis occur in a va riety
of types. Across the range from the north so uthwa rds the Scnon ian is successively represented
by the Inoceramian , Weglowka , Istebna , Ropianka a nd Srom owce Beds. All with the exception
of the Weglowka Beds (pelag ic marl s) are de veloped in fl ycch LC:C5.

The Inocerainian Beds (Turonian - Senoni an ) deve loped grad ua lly upw ard from the
Siliceous Marl s. They con sist of a varie ty of sa nds tor.cs, but medium- a nd th in-bedded sa nd­
stones predominate alterna ting with clayey or marl y sha les, usually in various proportions.
In many sections the proportion sa nds tone to sha le is over 2: I or even 3 : I, in others shales
predominate. Considerable interbeds of th ick-bedd ed sand stones with few shales are al so
developed . In the north-eastern part of the area occupied by the se beds, they pass laterally
and intermingle with Wegierka M arl s, which are a non-f1ysch dep osit.

The ichnofauna is specifically mu ch more diverse and richer in specimens than in the partly
coe val Godula Bed s. The number of chondritids greatly increases, the number of winding types
is almost the same, but that of patterned traces (spirals, meandering, networks) is doubled .
None of the latter , with the exception of Helminthoida labyrinthica, is common. The most
common are Arthrophycus annulatus (particularly in somewhat coarser layers), Tubulichnium
incertum, Helminthopsis abeli and Helmintlioida labyrinthica. The total number of ichnospecies
is over 50. Thi s is numerous for a complex whose thickness is less t han half of that of the
G oclula Bed s, but st ill, excep t for som e sectio ns with marls in wh ich chondritids and Helmin­
thoida labyrinthica are plent iful , the frequency of well-d eveloped tr aces is relati vely small.

Th e W~gl6wka Marls (T uronian - Sen on ian ) were la id down in th e axial zone of the
northern tro ugh. In these green and red marl s no trace fossils occur except for so me rare under­
de veloped cho nd rit ids, bu t in some parts th e marl s are repl aced by intercalated complexes
of flysch character. To these bel on g th e Skrzydlna , and G orzeri and Szydlowiec Bed s.

The Skrzydlna Beds occur in the lower part of the Weglowka Beds. They unite features
of th e Inoceramian and God ula Beds (BURTAN, 1974) . The sands tones are thin-bedded and
in m ost sections predominate over th e shales. In sp ite of th eir sma ll thickness (c. 300 m) and
tl:e small a rea they cccupy these beds are relati vely rich in tr ace fossils. The proportion of
patterned tyr es (alm ost a third of the tot al number of ichnospec ies) to other types is high.
Scolicia plana, as in the G odula and Inocerami an Beds, is the most common trace. Branched

forms are very ra re; this is probably due to the almost total absence of marls.
The Gorzen Beds replace the uppermost part of the Wcglowka Bed s. They are formed of

a thin-bedded glauconitic f1 ysch, laterally passing into the Szydlowiec Sandstone, which is coarse
and less glauconit ic. These beds, not very thick (c. 200 m) , are poorly exposed and occur only
in sma ll pat ches. Thi s may be one of the rea sons of their poor content of trace fossils. The
number of patterned types, in proportion to the total number (18) of ichnospecies, is fairly high.

Th e Lower Istebna Beds (Upper Senonian) con sist of thick-bedded , conglomeratic and
coarse sands tones which predominate over sha les, a ltho ugh here and th ere th ey contain interbeds
of th ick sha les, pebble-cl ays and, in the eastern part , a thick interc alation of beds consisting
of th in-bedded san dstones, marl s a nd sha les, known as "Fucoidal marl s" and resembling
In oceramian Beds. The Lower Istebna Beds a re one of the horizons poorest in trace fossils
(24 type s, most of which occur in " Fuco ida l marls" ). The coarseness of the sa nds tones and the
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Mammillichni s aggeris

Bergaueria prantli

Pararu sophy cus oblongu s

Tra ucumichnis glabcr

S abularia simplex

S abularia rudi s

Sabularia tenuis
Sabularia ramosa
Arthrophycus annu latus

Arthr ophycus aff. harlau i
Arth rophycus dzulynsk ii
Fucusopsis angulata
Fucusopsis annulata
Halymenidium sublumbricoides

Halymenidium oravicnsc

Keck ia annu lata

Kcck ia hoessii
- - - - - --- ----------- -

Buthotrcphis bifurcata
Buthotrephis afT. palmata
Buthotrephis aff', succulcns

Buthotrephis indcl.
Chondrites aequalis
Chondrites affini s
Chondrites arbuscula
Chondritcs fle xilis
Chondrites furcatus
Chondrites intricatus
Chondrites patulus
Chondrites indet .
Granularia indet .
Lophoctenium ramo sum
Lopho ctenium aff. comos um
Strobilorhaphe elavata
Strobilorhaphe pu silla

S trobi lorhaphe glandifer

Lorenz inia carpathica

Lor enzinia curticostata

Lorenzinia perlata

Lorenzinia mo reae

Lorenzinia aff. moreae

Subloren zinia p lana

S ublorenz inla nowaki
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Sublorenzinia pusilla

I
x I x

Capodistria vettersi x

I
Glockeria disordinata x

IFascisichnium extentum x x
-- - - -- - - - - -- -- -- - -

Phycosiphon incertum x x x x x x x x
Rhizocorallium( ?) indet. x x
Zoophycos brianteus x x x

Z oophycos insign is x x x x x x
Zoophycos indet. x x x x
Anemonichnus concentricus x
Gyrochorte burt ani x
Gyro chort e imbricata x
Helicorhaphe tortilis ? x
Helminthopsis abeli x x x x x x x x
Helminthopsis hieroglyphica x x x x x
Helminthopsis irregularis x x x x
Helminthopsis tenni s x x x x x x x
Muensteria hamata x
Naviculichnium marginatum x x x
Oniscoidichnus carpathicus x
Scolicia plana x
Scolicia prism x x F F x x x
Subphyllochorda granulata x F ? F x X

I
Subphyllochorda laevis x x x

Subphyllochorda striata x x
Taphrh elminthopsis auricularis x x F x x x
Taphrh elm inthopsis recta x

Taphrhclmithopsis vagans x x x F x x F x I
I

Tuberculichnus bulbosus x x x ITubercullchnus meandrinus x ? I
Tuberculichnus vagans x x
Tubulichnium incertum x x x x

-- - - - - -- - - - - - - -- - -
Spirorltaphe involuta x F x x
Spirorhaphe zumayensis F x x
Spirophycus bicornis x x x F F x x
Spirophycus caprinus x x
Spirophycus involuti ssimus x x x x X

Cochl lchnus aff. angulneus x x x
Cosmorhaphe gracilis x ?
Cosmorhaphe sinuosa x x x
Cosmorhaphe helminthopso idea x x
Cosmorhaphe fu chsi x F x x
Gordia arcuata

I
x

Gordia molassica x x x x
Helicolithus sampelayoi x x x x
He lminthoida aculeata I I

x
Helmin thoida alterna I x F x I,
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Acanthorhaphc delicatula
Belorhaphe fabr egae
Bclorhaphe zick zack
Protopalcodictyon incompositum
Protopaleodictyon submontanum
Protopaleodictyon minutum
Urohelminthoida appendiculata
Urohelminthoida dertonensis

Dcsmograpton fu chsi
M egagrapton irregulare
Paleodictyon minut issimum
Palcodictyon minimum
Palcodictyon latum
Paleodictyon intermcdium
Paleodictyon intermedium f. punctata
Palcodictyon miocenicum
Paleodictyon miocenicum f. punctate
Paleodictyon strozzii
Paleodictyon carpathicum
Paleodictyon majus
Paleodict yo n reg ulate

Paleodictyon tellinii
Paleodietyoll aff. gome zi -

Helminthoida erassa
Helminthoida helminthopsoidea
Helminthoida labyrinthica
Helminthoida mioccnica
Helminthoida serrata
Paleomeandron robustum
Paleomeandron rude
Taphrhelminthoida convoluta
Taphrhclmintlioida plana

presence of dark shales arc, no doubt , the main cause. In sandsto ncs A rthrophycus annulatus
and coarse types of Sabu!aria may occur in greater abundance. The " Fuco idal marl s" are rich
in chondritids and contain fairly common patterned types.

In the southern trough the Ropianka Beds (called also "Inoccrarni an Beds") were dep osited
during the Senonian. In the eastern part they are replaced by the Cisna Beds which do not
differ much from the Ropianka Beds. The latter con sist of predominantly medium- and thin­
bedded sandstones, on the whole thicker than the intervening shales. Marls are also present,
but not so common as in the coeval Inoceramian Beds of the northern trough , and thick-bedded
sandstones also occur. The thickness is not very great (c. 500 m). The Rop ianka Beds are the
formation richest in the number of ichnospecies (92), although not so much in fully developed
traces. All morphological groups are well represented , and branched, spreiten , winding and
patterned groups include types which may be qualified as frequent. Chondritids , Phycosiphon
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incertum, Z oophycos insignis, S colicia plana , Taphrhelminthopsis auricularis, Helminthoida laby­
rinthica and Pa/eodictyon strozzii are particularl y frequent. Lorenzinias appear for the first
time . Nearly a third of the ichnospecie s are of the meandering and net-like types.

In the southern region close to the Pieniny Klippen zone the Ropianka Beds are laterall y
and partly replaced by the Jarmuta Beds, in which Fucusopsis angulata is particularl y abundant
in some layers.

Th e Cisna Beds are characterized by the predominance of thick- and med ium-bedded sand­
stones. Thi s is probabl y the main reason for the paucity of their trace fos sils whose assemblage
in essence does not d iffer much fr om th e ichnofauna of the Ropianka Beds.

The Sromowce Beds (Lower Senonian and th e lower part of the Upper Senonian ) do not
differ much from the Ropi anka Beds in their lithology and stra tinorny. The ichnofa una is much
poorer in th e total number of types. This may be partly due to the much smaller are a of the
occurrence of the Srom owce Beds and th eir lesser thickness. The trace fossil assemblage con­
sists of many winding and patterned types; of the former Scolicia plana and of the latter Pa/eo­
dictyon intermedium occur in substantial numbers. The most common trace fossil is Sabularia
simplex, present in very many sandstone layers. The scarcity of chondritids and other branched
types is a marked difference as compared with the Ropianka Beds.

With the beginning of the Pal aeogene times (table 6) the lateral vari ation of the sediments
is somewha t smaller th an in the Upper Cretaceous, but on the whole still maintained. In the
Palaeocene near th e northern border of the basin the Babic a Clays occur, farther south repl aced
by the Variegated Shales which also represent the Lower Eocene. Ne ar the southern border
of the northern trough the Upper lstebna Beds were laid down. In the southern trough the
Variegated Shales are the main Pala eocene and Lower Eocene format ion , but the upp ermost
Ropi anka Beds also belong to the Palaeocene. In the southern part, close to the Pieniny Klippen
zo ne, both the upper part of the Rop ianka Beds and th e Variegated Shales arc repl aced by the
Szczawn ica Beds.

Th e Babica Clays consist mainl y of olistost romal dep osits, with few intercalations of packets
compose d of alternating sha les and sa ndstones , It is no wonder that such a character of sedi­
mcnts causes the ichnofauna to be extremely poor and confined to few types such as Sabularia,
Arthrophy cus, Z ooplzycos and some chondri tid s. In th e variegated shales (green and red) of
the northern trough th ere ar e very few sandsto nes and , consequently, there is an almost com ­
plet e ab sence of ichn ofau na.

The Upper Istebna Beds, by the nature of th eir sed iments, arc not a trace-bearing horizon.
They con sist for the mo st part of coarse sandstones, conglomerates, pebble-clays and dark,
often black shales. The coarse layers a le devoid of tr aces. In less coarse and thin-bedded
sandsto nes Arthrophycus annulatus and Sabularia simplex are not uncommon, Glockeria disor­
dinata occurs widely an d patterned types are not very rare. In fact, on the specific level they
apparentl y predominate with la ichnospecies, more th an on e-half of the composition, but
they have all been found only in single specimens.

In contrast with th e northern tr ough the sediments of the southern trough are abundant
in tr ace fos sils.

The Variegated Shales (Palaeocene - Lower Eocene) with 61 ichnospecie s are fairly close
beh ind the underlying Ropianka Beds. Th e sma ller number may be caused only by the lithology,
as the Variegated Shales have relatively few sandy intercalations. Their thickness is also smaller
(c. 200 m). In the specific composition the patterned types dominate, represented by 25 ichno­
species, but only a fe w may be regarded as frequent. The second place is taken by winding
types (12). Branched types a re few, with the exception of the widely distributed Loph octenium
ramosum. A few new types appear for the first time: Fucusopsis annulata, Halymenidium; they
a re going to play a con siderable role higher up in the succession. Scolicia prisca now entirely
replaces its older predecessor s. In brief, the ichnofauna of the Variegated Shales is characterized
by great specific diversity, but is rather poor in the number of specimens.
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The Szczawnica Beds (Palaeoccne) resemble the thin-bedded part s of the Ropianka Beds,
but are much darker in colour, and this is presum ably the reason for the great difference in
number of ichnospecies (34) as compared with the latter. A third of ichnospecies belongs to
patterned types , another third to the winding group and the rest to other groups. Only Uro ­
helminthoida dert onensis and in some shaly layers Spirorhaphe zumayensis are represented by
any greater numbers of specimens.

The Lower Eocene is represented by red and green shales in the northern trough, except
for its inner zone where the Ciezkowice Sandstone is developed. It consi sts of thick-bedded,
coarse-grained sandstoncs, often with large-scale st rat ificat ion, but also contains interbeds of
thick-bedded , graded sand stones and substantial intercalations mostly composed of variegated
shales with thin-bedded sandstones. Most of this member was deposited by traction currents,
sandftows and dense turbidity currents (KSI J\ZKI EWICZ , 1975). The ichnofauna is very scarce.
There is a marked difference between the assemblages of thick and coarse layer s and those
occurring in more finely grained interbeds. In the form er sabularias, Arthrophycus annulatus
and Trau cumichnis glab er are fairl y common , although apparently absent in very coar se and
cross-strat ified layers . Several form s such as Fucusopsis annulata , Lophoctenium ramosum,
Megagrapton irregulare , Subphyllochorda or Helminthoida crassa seem to be restricted to packets
with thin-bedded sandstones. In some medium-grained layers rare Paleodictyon (with a tendency
to occur in aberrant variet ies), Cosmorhaphe, Gyrochorte and quite frequently Spirorhaphe
involuta may occur. The total number of ichno species is low (28), but half of them belong to
patterned types. Z oophy cos is not very common . As to the number of specimens, simple burrows
markedly predominate.

The Beloveza Beds repr esent the upper part of the Lower Eocene in the southern trough.
They consi st of alternating thin-bedded sand stones and shales, the latter slightly predominating:
the proportion of sandstones to shales varies between I: I and I: 3. The sediments are light
in colour, the shales mostly green or green-grey. The ichnofauna is very rich and rivals that
of the Ropianka Beds in the number of ichnospecies (77 against 92 in the Ropianka Beds) ,
but surpasses them in the average number of specimens of almost every ichnospecies. Half the
ichn ospecies belong to patterned types, part icularly to Cosm orhaphe, Helminthoida and Paleo­
dictyon (9 types of Paleodictyon, 6 type s of Helminthoiday. Many ichnospecies such as Haly­
menidium oraviense, Spiroph ycus bicornis, Taphrhelminthopsis auricularis, Helminthoida crassa
or Paleodictyon carp athicum a nd latum, attain the peak of their frequency in the se beds. New
types of Paleomeandron and Helminthoida appear, but some types frequent in older beds now
become very rare (Helminthoida labyrinthica, Desmograpton) or apparently extinct. Rosetted
types are extremely rare, and so is Zoophycos , represented by a type with very thin lamellae.

In the Middle Eocene a considerable facies unification took place in the bas in, in which
the Hieroglyphic Beds are the main deposit , though in some regions replaced by variegated
shales or marls. The Hieroglyphic Beds consist mostly of thin-bedded sandstones alternating
with argillaceous shales, usually in equal proportions. In some regions shales may predominate.
Specifically, the assemblage of trace fossils is of considerable diversity (67). The number of
specimens, except for a few ichnospecies, is not great, and on the whole the Hieroglyphic Beds
give the impression of being rather poor in trace fossils . Certain types, like Protopaleodictyon
submontanum and particularly Protopaleodictyon incompositum here attain their maxim um
frequency. S colicia prisca is also abundant probably more so than in the Beloveza Beds. Most
other ichnospecies, with the exception of the very common Sabularia simplex and the fairly
common Fucusopsis annulata, are found only in single specimen s. The number of patterned
types is high (27), almost one-half of the total number of ichno species , but with the two ex­
ceptions alre ady mentioned, they are extremely rare. Cosmorhaphe, Helminthoida and Paleo­
dlctyon are very infrequently met with. The distribution of the ichnofauna within the Hiero­
glyphic Beds is far from uniform . The beds occurring in the northern trough arc much poorer
in ichnofauna in compa rison with the southern trough . Most probably this is mainly due to
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the differences in lithology, as the Hieroglyph ic Beds of the northern trough have a greater
proportion of shales.

In the south-western part of the southern trough the Hieroglyphic Beds are partly replaced
by the Pasierbiec Sandstone and Lacko Beds. The former consists of coarse -grained sandstones
and conglomerate s with thin inte rca lations of thin-bedded sandstones, marl s and sha les. The
latter is composed of alterna ting sandstones, marl s and sha les; in many sect ions marl s st rongly
predominate. The Pasierb iec Sand stone , becau se of its lithology, is very po or in trace fossils.
In the Lacko Beds, laterally replacing the Pasierbi ec Sand stone, the ichnofauna is not so poor
(26 ichnospecies ) but much poorer th an in the equivalent Hieroglyphic Beds. No type is par­
ticularly frequent in th ese beds, and, in spite of the pre sence of marl s, chondritids are rather
uncommon.

At the end of the Eocenc the flysch type of sedimenta t ion ceased for some time, and pelagic
Globigerina Marls were depo sited on large areas in the northern trough. In the southern trough,
on the contrary, the flysch regime was maintain ed. Here the Upper Eocene and probably the
lowest part of the Ol igocenc are represented by the thick Magura Sandstone (c. 2000 m). Lo­
cally, a subdivision of Sub-Magura Beds is separated. The Magura Sand stone con sists mostly
of thick-bedded sandsto nes alterna ting with marl y sha les, which may predominate in the lowest
part of the horizon. It includes packet s of thin-bedded sandstones alte rna t ing with shales,
a type of sediment not unl ike the und erl ying Hieroglyphic Beds. To a cert ain degree the presence
of the se interbeds somewha t weakens conditions on th e whole unfavourabl e for the development
and pre servation of trace fossils. Th e ichnofauna is poor, with a low specific diversity (31)
and rather small number of specimens. Sabularia and Z oophycos are fairly frequent and with
Taphrlielminthopsis vagans are the only types widely distributed . Scolicia pris ca may be abunda nt
locally. Patterned types are rare and limited to thin-bedded intercalations.

Generally it may be said that the end of the Eocene times brought a marked decline in th e
numb er of ichnospecies and their frequency.

In the no rthern trough the sedimenta tion of the Globigerin a Marl s was followed by th e
deposit ion of dark oil sha les, usually with silicites (" menilites") near the base, with some inter­
beds of fairly coarse, often glauconitic sandstones in marginal zones. These beds were deposited
under serni-euxinic conditions which were anything but favourable for the development of
bottom fauna. Trac e fossils are extremely rar e, and in most sections virtua lly absent. The
Menilite Shales, laid down at the Upper Eocene - Lo wer Oligocene boundary, are covered
by th e Krosno Beds (Oligocene - Lower Miocene). Thi s is a very thick complex (up to 3000 m)
co nsisting mostly of medium- and thin-bedded sandsto nes alt ernating with marly shales in
variable proportions. In th e lower part th ick-bedded sandsto nes tend to predominate. Towards
the top the am ount of sha les increases, and the complex often end s with only shaly beds.

In spite of the appar entl y propitious condition s for the occurrence of ichnofauna, th e
Krosno Beds are very po or in tr ace fossils. In thi s very th ick and widely distributed complex
(the Krosno Beds cover almos t one-third of the area of the Polish Carpathian s) only 32 ichno­
species have been found , and the number of specimens is also very low. Very many well exposed
cross-sect ions (e.g. the stream Janoska in the Silesian Beskid , the are a of Krzeszow, cross­
sections along the Biala, Wisloka, and Wislok rivers) turned out to be entirely barren or with
very few occurrences of trace fossils. Even underde veloped traces, with no distinct morphological
features which could be determined at least on the generic level, are in the Krosno Beds very
ra re and for the most part, absent. Very few sandstone layers are tr ace-bearing. The shales,
though marl y, contain chondritids in only a few cases. Sabularia and Subphyllo chorda laevis
occur her e and there in grea ter abunda nce, but Zoopliycos is extremely rare. Most of the types
are the same as in older beds, few new type s ap pear ( Gordia arcuata, Oniscoidichnus) and
patterned ichnospecies are very rare (9). Th e re-appear ance of Gyrochorte, absent since the
Lower Eocene, is notew or thy.

Th e paucity of trace fossils in the Krosno Beds was presumably conditioned by various
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factors. First of all , th e semi-euxinic environment which reigned in the northern tr ough at the
outset of the Ol igocene during the dep osit ion of the Men ilite Shales cau sed an a lmos t to ta I
extermination of th e ichnofauna , already depleted in the Upper Eocene. Not only th e trace­
making animals were extirpat ed . The benthonic agg lut inate for aminifers, which dominated
in the microfauna of o lder hori zons, a lmo st complete ly di sappeared and were replaced in the
Krosno Bed s by ca lcare ous type s. It is prob abl e th at th e manner of dep osition of the Krosno
Beds was not favourable for th e preser vati on and de velopment of the ichnofauna. The abundance
of flute casts in the se beds points to a fairl y strong erosion of th e sea -bo ttom by currents which
might have sco ured the uppermost layer of sedi mcnts where the " pre-deposi t iona l" infauna
and bottom dwellers lived . Th e sha llowing of th e basin , a problem which wilI be discussed
in one of the followin g chapters, and th e grad ual dwind ling of the flysch regime towards the
cnd of the deposition of the Kro sno Beds may be yet other cau ses .

LATERAL D IST RIBUT ION O F TRACE FOSSILS
(tables 7- ')

In individual members of the Carpathian flysch the t race fossils assemblages a re fai rly
uniform. Nevertheless, in th e ho rizontal d irecti on th ere a re so me differences in th e_generic
and specific composit ion of th e assemblages a nd variat ions in th e frequ ency of part icular
ichnospecies.

The un iform ity of the co mposit io n seems to imply rather a deep -water envi ronment in which
the abiotic fact or s controll ing life cond ition s do not chan ge much from place to place, b ut tend
to be uniform and con stant over broad er area s (CHAMBERLAIN, 1971b). In all likelih ood, how­
ever, in the Carpathian basin th ere existed some tra nsversal elements of the floor which d i­
vided the basin and its tr ou ghs into second-o rder depression s. A va riable topo gra phy of the
sea-floor is implied by th e palaeocurrent a na lysis in severa l members of th e Carpa t hia n flysch
(KSL,\ZKIEWICZ, 1975). In th ese dep ression s there might have existed somewhat different con­
ditions in bottom sed iments , bathymetry, deep- wat er circu lati on, nutrient a nd oxygen content ,
which proba bly influenced th e dev elopment of the infauna and ep ifauna and could produce
differ ences in tr ace fossil assemblages even in neighbouring parts of the basin .

Th e palaeocurrent a nalysis sho ws that the bott om of the Carpathian f1ysch tr oughs sloped
along longitu d inal axes , approximately para llel to t he genera l trend of the ba sin , in o ne directio n
or another. The sed ime nt-carrying currents descended along the axes of the troughs. T here are
some cha nges in lithology a long th e ma in current directio n, and no doubt, the depth of th e
basin increased in the d irect io n of the currents. Both factors, t he lith ology and the water depth ,
controlled the distribution of tr ace producers.

It is no easy matter to assess which was th e dominant fact or causin g the latera l changes
in the distri bu tion of t race fossils : the topography of th e sea-floo r, th e character 0 f the sediments
or t he depth of water. The last-named factor will be di scu ssed at length in the next chapter.
Meanwhile, a few examples of lateral changes in the di stribution of tr ace fos sils ta ken from such
units as have a larger areal extent will now be presented .

The Godula Beds are exposed in a belt a lmost 200 km lon g. In the western sector, in which
the beds often display a proximal character, th e ichnofauna is comparatively poorer in the
number of ichnospecies and less abundant than in the east, where the maj ority of beds have
an intermediate or even distal character. Since th e main current direction is eastward , it may
be inferred that the diversity of types increases downcurrent. There are no notable differences
in the assemblages of trace fossils, but Taphrh elminth opsis, Scolicia and Zo ophycos seem to be
more frequent in the ea st . '

The Inoceramian Beds (tab le 7) furni sh a more clear picture of downcurrent variations .
T hey occ ur in a zone 150 km in lengt h, with t he pri ncip al current d irecti on toward s south-east .
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The beds on the whole exhibit an intermediate character, but in the north-west marly inter­
calations and thick-bedded sandstones are more frequent. For comparison the middle course
of the San River has been taken as the dividing line : east of it the total number of ichnospecies
is slightly greater and so is the number of occurrences of some types. There is no appreci able
difference in the number of meandering and net-like traces.

T abl e 7

LATERAL DISTRIBUTION OF TH E ICHNOFAUNA IN THE INOCERAMIAN BEDS

en encv cv.... ....
c: c:.... ....E EVl

Vl

~ t<l
cv

Mammillichnis aggeris x
Traucumichnis glaber x

- -
Sabularia simp lex x x
Sa bularia tenuis x x
Sabularia ram osa x x
Arthrophycus annulatus x x
A rthrophycus strictus x
Fucusopsis angulata x x
Keckia annulata x x
Keckia hoessii x

- - - -
Chondrites aequalis x x
Chondrites affinis x x
Chondrites arbuscula x x
Chondrites flexilis x
Chondrites furcatus x
Chondrites intricatus x
Lophoctenium ram osum x x
Taenidium isseli x

- -
Su blorenzinia nowaki x
Sublorenzinia plana x
Sublorenzinia pustulosa x
Fascislchnlum ex tentum x

- -
Phycosiphon incertum x x
Zoophycos brianteus x F
Zoophycos insignis x F
Helminthopsis abeli x x
Helminthopsis hieroglyphica x
He lminthopsis irregularis x

cont.

,
lob ene e
~ El....
E EVl
cv Vl

~
(,j...

H elm inthopsis tenuis x x
Muensteria hamata x
S colicia plana x x
S colicia vertebralis x x
Su bphyUochorda laevis x
Taph rhelminthopsis auricularis x x
Taphrhelminthopsis vagans x x
Tuberculichnus meandrinus x
Tubulichnium incertum x F

----
Spirorhaplie involuta x
Spirophyc us bicornis x x

-- --
Cosmorhaphe gracilis x
Cosmorhaphe sinuosa x
Gordia molassica x
Helicolithus sampelayoi x
He lminthoida crassa x
He lminthoida laby rinthica x x
He lminthoida serrata x x
Taphrhelminthoida convoluta x

-- --
Acanthorhaphe delicatu/a x
Be lorhaphe zickzack x
Protopalcodictyon incompos itum x x
Urohelminthoida dertonensis x x

--
Desmograpton fuc hsi x x

Paleodictyon /atum x

Paleo dictyon intermedium x.
Pale odic tyon miocenicum x x
Paleodictyon st rozzii X x
Pa leodictyon tellinii x

The Ropianka Beds (table 8), together with the coeval and lithologically very similar Cisna
Beds, crop out along a belt almost 300 km long. Both members were deposited in one trough,
which was being filled by material brought in principally from two opposite directions, from
the east and west. In addition some lateral inflow is also marked (see Geological Atlas of
Poland , Fasc. 13, collective work , M. KSI~ZKIEWICZ, ed., GeoI. Survey of Poland, Warsaw,
1962).For these reasons the westernm ost and eastern parts of the zone occupied by the Ropianka
and Cisna Beds display features rat her of a proximal character, with a considerable amount
3 - Palaeontologia P olonica No. 36
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T a ble 8

LATERAL DISTRIBUTION OF TRACE FOSSILS IN TH E ROPIANKA AND CISNA BEDS

eO eO tlil....... ... ....... ....
e <; c.... ....
2 .... 2
'" 15 '"...
~ 8 t1l...

Mammillichnis aggeris x
Bergau eria prantli x

- - --
Sabularia simp lex ' x x x
Sabularia rudis x x
Sabularia tenuis x x
Sabularia ramo sa x x
A rthrophyc us annulatu s x
Arthrophycus strictus x
Fucusopsis angulata x x
Fucusopsis striata x
Keck ia annulata x x
Keck ia hoessii x
Rhabdoglyphu s compositus x
Rhabdoglyphus spinosus x
Rhabdoglyphus sulcatus x

- - - - - -
Bostr icophyton pant enellii x
Buthotrephis aff. succulens x
Buthotrephis indet. x
Chondrites aequalis x x x

Chondrites affin is x x
Chondrites arbuscula x x
Chondr ites expansus x

Chondrites filiformis x

Chondrites fl exilis x

Chondrites furcatus x x

Chondrites intricatus x x x
Lopho ctenium ramosuni x

Strobilorhaphe clavata x

S trob ilorhaphe pusilla x
Taenidium annulatum x
Taenidium isseli x

. -- - -
Lorenzinia aff. apenninica x

Lorenzinia carpathica x x

Lorenzinia moreae x
Sublorenzinia nowaki x
S ublorenz inia pusilla x
Capodis tr ia vette rsi x
Glockeria sparsicostata x
Fascisichnium extent um x

--- -- - -
Phy cosiphon incertum x x x

Zoophy cos brianteus x x
Zoophycos insignis x x
Zoophy cos indet. x

-- - -
Helminthopsis abeli x

cont.

eO tlil tlil....... ... ~....
c c;a e.... ....2 .... 2'" 15... '"~

... t1l
o ...

H elminthopsis hieroglyphica x
Helminthopsis irregularis x
He lminthops is tenuis x x
M uensteria hamata x
Muensteria plan icostata x
Nav iculichnium marginatum x x
S colicia plana x x ?
Sco licia prisca x
S colicia vertebralis x x
Subphyllochorda gra nulata x
Subphyllochorda laevis x
Taphrh elm inthopsis auricularis x x
Taphrh elminthopsis vagans x x
Tuberculichnus meandrinus x
Tuberculichnus vagan s x
Tubulichnium incertum x x

- - -- - -
Sp irorhaphe involuta x x
Spirorhaphe zumaye nsis x
Spirophyc us bicornis x
Spirophy cus caprinus x
Spirophycus involuti ssimus x

-- -- - -
Cosmorhaphe gra cilis x
Cosmorhaphe helminthopsoidea x x
Cos morhaphe sinuosa x x
Cosmorltaphe fu chsi x x
Helicolithus sampelayo i x x
Helminthoida crassa x x
Helminthoida helminthopsoidea x x
Helminthoida labyr inth ica x x x
Helminthoida miocenica x x
Helminthoida serrata x
Paleomeandron elegans x x
Taphrhelminthoida convoluta x x

- - -- - -
Acanthorhaphe delicatula x

Belorhaphe fab regae x
Belorhaphe zick zack x
Protopaleodictyon incompositum x
Protopaleodictyon submontanum x x
Urohelm inthoida appendiculata x x
Urohelminth oida dertonensis x x._ - - - - -
Desmograpton fuchsi x x

Paleodictyon latum x
Paleodictyon intermedium x
Paleodicty on miocenicum x x
Paleodicty on strozzii x x.
Paleodictyon tellinii x I

of thick- and medium-bedded sandstones, while the central part of the zone may be classified
as of an intermediate character, with intercalations of marly layers and many packets of a thin­
bedded flysch. The differences in trace fossil diversity are well marked. In the most western
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part (west of the river Skawa) and in the eastern part (east of the river Wislok, including the
Cisna Beds in its most eastern sector) the number of ichnospecies is much lower (38 in the
west, 11 in the east) than in the central region, particularly the area of Nowy Sacz - Gryb6w­
Gorlice, with 84 ichnospecies. The difference is largely due to chondritids, abundantly occurring
in the marls of the central region, but the number of wind ing and patterned types is also greater.
It should, however, be stressed that the numerical difference may be due partly to adverse
sampling conditions, particularly in the eastern area, caused by the state and paucity of good
outcrops.

The B eloveza Beds (table 9) crop out in a belt about 200 km long. The sub-axial transport
direction is from the east and south-east (see Geological Atlas of Poland, Fasc. 13). There
are small changes in the lithology and stratinomy of the bed s along the current direction, but
in the east medium-bedded layers are more numerous and interbeds of marls present, while
in the west the thin-bedded , horizontally or single-current laminated sandstones predominate.
The eastern part is rather of an intermediate character, while the western is typically distal,
the line of the river Skawa being taken as the divide. The difference in specific diversity is small,
the western region surpassing the eastern only by la ichnospecies, but other differences are
substa ntial : in the east chondritids are more abundant both as to the number of types and of
specimens. Large and coarsely ribbed Zoophycos, although very rare, are present as well as
Spirorhaphe, which are absent in the western sector , where the meandering types (Cosmorhaphe,
Helminthoida , H elicolithus) and paleodictyonids are better represented.

The Hieroglyphic Beds are much more widely distributedthan any other formation so far
. discussed, as they occur in all tectonic units and the length of the area within which they crop

out is almost 300 km. The transport direction is long itudinal, almost parallel to the axis of the
basin and , generally speaking, westward. It might be thought that because it covers so great an
area this formation should be particularly instructive in deciphering the lateral variation in the
assemblages of tr ace fossils. Thi s is not the case, because of the predominantly shaly develop­
ment of the se beds in the northern and cent ral parts of the range, and consequently very poor
ichnofauna. Only in the southern zone , where the proportion of sandstones to shales averages
I : I, is the ichnofauna fairly abunda nt. In this zone the number of ichnospecies increases
westward (downcurrent), Z oophycos, Keckia and coarse sabul arias are more frequent in the
eastern part , while Seolicia and Subphyllochorda are more common in the western sector.

The Kro sno Beds also cover a very large area. The scarcity of trace fossils is here again
a great obstacle for tracing lateral changes in the composition of assemblages. Few data are
available for the lower part of this very thick formation, but the middle part has supplied
a relatively fair number of traces. These have been collected mainly in the eastern part, where
the bed s have an intermediate or distal character. Some helminthoids and paleodictyonids have
been found in that part, in addition to Scolicia and other wind ing traces, very rare or apparently
ab sent in the western part. Since in the middl e part of the Krosno Beds eastward current di­
rections predominate , the inference is that the diversity of species increases downcurrent.

The changes in the lateral distr ibution of trace fossils may be a function of two main factors:
th e distribution of trace-making animals on the sea-floor and the preservation of traces (CRIMES,

1973). The latter factor, no doubt, plays a con siderable role , particularly in areas where the
currents invading the sea-bottom were able to scour it and destroy more or less completely
the pre-depositional tr aces made prior to the advent of the current on the surface or within the
substratum. Th ere are ind ications that the preservational factor was of minor importance.
In the Beloveza Beds the pre-depositional Taphrh elminthopsis occurs abundantly in both inter­
mediate and dist al region s. In the Krosno Beds pre-depositional Taphrlielminthopsis and Sub­
pliyllochorda laevis occur in regions situated more distally, and are even more abundant than
in the west, in the more proximal area. It may therefore be assumed that the increasing fre­
quency of trace fossil typ es in more distal deposits only partly depends on preservational
factors, and is more indicati ve of the influence of the depth of deposition. The water depth
3*
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Table 9

LATERAL DISTRIBUTION OF THE ICHNOFAUNA IN THE BELOVEZA BEDS

eO toOe ~

S I':...
~ ...
~ ~~

Mammillichnis aggeris x x
--

Sahularia simplex x x
Sabularia ramosa x
Arthrophycus annulatus x x
Fucusopsis annulata F x
Halymenidium sublumbricoides x x
Halym enidium oraviense x - -
Buthotrephis bifurcata x
Buthotrephis aff. succulens x
Buthotrephis indet. x
Chondrites arbuscula x
Chondrit es fur catu s x
Chondrites affinis x F
Chondrites aequalis x x
Lophoctenium ramosum x x
Strobilorhaphe clavata F x
Strobilorhaphe pusilla x x
S trobilorhaphe glandifer x

--
Sublorenzinia plana x
Sublorenzinia nowaki x

- - - -
Phyco siphon incertum x x
Z oophycos brianteus x
Zoophycos insignis x
Zoophycos indet. x x

- -
Helicorhaphe tortilis x
H elminthopsis abeli x x
Helminthopsis hieroglyphlca x x
H elminthopsis irregularis x
Helminthopsis tenuis x x
Navic ulichnium marginatum x x
Scolicia prisca x x
Subphyllochorda granulata x x
S ubphyllochorda str iata x x
Subphyllochorda laevis x
Taphrh elminthopsis auricularis x x
Taphrhelminthopsis vagans x x
Tuberculichnus meandrinus x

cont .

eO
~~

S e... s'ii III

~
o:l...

Tuberculichnus vagans x
Tuberculichnus bulbosus x
Tubulichnium incertum x

- -
Spirorhaphe involuta x
Spirorhaphe zumayensis x
Spirophycus bicornis F x
Sp irophycus involutissimus x x- -
Cochlichnus aff. anguineus x x
Cosmorhaphe sinuosa x x
Cosmorhaphe helminthopsoidea x
Cosmorhaphe fu chsi F x
Helicolithus sampelayoi F x
Helminthoida aculeata x
Helminthoida alterna x x
Helminthoida crassa x x
Helminthoida helminthopsoidea x x
Helminthoida labyrinthica x x
Helminthoida serrata x x
Paleomeandron rude x
Paleomeandron robustum x
Taphrhelmintholda convoluta F x
Taphrhelminthoida plana x
A canthorhaphe delicatula F x
Belorhaphe zickzack x
Belorhaphe fabregae x
Protopaleodictyon incompositum x x
Protopaleodictyon subm ontanum F x
Urohelminthoida dertonensis F x--
Desmograpton fuchsi x
Megagrapton irregulare x x
Paleodictyon minutissimum x
Paleodictyon minimum x x
Paleodictyon latum F x
Paleodictyon mio cenicum x
Paleodictyon strozzii x x
Paleodictyon carpath icum x x
Paleodictyon regulare x
Paleodictyon majus x x
Paleodictyon aff. gomezi x

might exert this influence either directly (some animals were better adapted to certain depths)
or indirectly (the sediments brought in and deposited by currents underwent lateral changes
in thickness, composition and stratification depending on the distance from the source and
the depth of water). On the whole, the more distal sedimentation induced a greater diversity
of species.
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TRACE FOSSILS AND DEPTH OF WATER
(tables 10-11)
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The application of trace fossils in palaeobathymetric determinations has already been
attempted by several authors, beginning with SEILACHER (1954, 1959, 1967b). More recently
CHAMBERLAIN (1971b) , CHAMBERLAIN and CLARKE (1973), CRIMES (1973) and KERN and WARME
(1974) have tackled this problem. It is generally recognized that, although other factors such
as the type of the sediment, aeration of bottom waters and conditions of preservation may
interfere or interact, trace fossils may give clues for the interpretation of ancient environmental
conditions (TEICHERT in HXNTZSCHEL & KRAUS, 1972, discussion) and the depth of water.
According to SEILACHER (1967b) organisms respond by their behaviour to the amount of food
available in the substratum. Since trace fossil morphology is to a great extent controlled by the
feeding behaviour of the trace-making organism, the behavioural pattern reflects the manner
of the organism's search for food. As water deepens the amount of food decreases, and the
animal has to search for it and process the nutrient-bearing sediment effectively by a more
elaborate manner of locomotion. Therefore according to SEILACHER (1967b) the presence of
trace fossils of more complex patterns, guided meanders and networks may be expected in the
sediments that were deposited at greater depths. In the flysch the problem is more complicated,
since there is little doubt that by transferring sediments from shallow into deeper parts of the
basin turbidity currents could increase the amount of organic material and nutrients in the
basin (KSIJ1ZKIEWICZ, 1961 b, GRIGGS et al. , 1969).

In the Carpathian flysch its stratigraphic units have well-defined sedimentary features and
their faun a, particularly microfauna, is fairly well known (BIEDA et al., 1963, GEROCH et al.,
1967). On these grounds an attempt was made to determine the depth of the basin in successive
stages of its evolution (KSIJ1ZKIEWICZ, 1975). The depth of deposition of each stratigraphic
unit has approximately been determined on the basis of the microfaunal content and the sedi­
mentary character (text-fig. 4). The microfaunal assemblages in the Carpathian flysch contain
many species that still live in the present-day seas. They also include a number of fossil species
which are homeomorphs or closely related to recent species. Presumably their environmental
adaptations were similar to those of the related recent species, and so they may be used for
bathymetric interpretations (BANDY & ARNAL, 1960). The sedimentary features of particular
stratigraphic units enable it to be decided whether they were deposited near the source or
further away from it, in other words , whether they are of a proximal, intermediate or distal
character. This to some extent enabled the depth differences to be estimated for particular
lithostratigraphic units or their parts. The grounds for this kind of argumentation are presented
elsewhere (KSIJ1ZKIEWICZ, 1975). In the present context we intend to compare the bathymetrical
interpretation based on sedimentological features and microfaunal data with the vertical and
lateral distribution of trace fossils (table 10).

In the first line the bathymetric distribution of the most frequent groups (simple, branched,
winding and patterned, i.e. spirals , meandering and networks) is taken into consideration.

It follows from table 10 that beds presumably deposited at the greatest depth of the basin ,
i.e . the Ropianka, Sromowce, Beloveza, Lacko and Hieroglyphic Beds and the Variegated
Shales, laid down in the mesobathyal zone or deeper, contain a very high proportion of pat­
terned ichnospecies, all above 30%. At the same time they have a relati vely low proportion
of simple types, on the whole below 16%. The beds deposited presumably at epibathyal depths
have a smaller proportion of patterned ichnospecies (the Cieszyn Limestone, the Lgota, the
Godula and the Krosno Beds and the Magura Sandstone), generally less than 30%. Con­
currently, most of them show a greater proportion of simple forms. On the strength of these
data it may be concluded that virtually the number of patterned ichnospecies is greater in beds
deposited at greater depths, and the number of simple traces is greater in beds laid down at
smaller depths.
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Table 10
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cont.
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I N um ber of iehnospecies
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Apparently there are some exceptions to thi s rule. The Upper Istebna Beds, interpreted
as deposited at an upper epibath yal depth , show a very high proportion of patterned ichno­
species (38,8 %). In these beds the ichnofaun a is very scarce , but numeri cally the simple types
are relatively abunda nt, while patterned ichnospecies are extremely rare and are almost all
found in single specimens. Another exception is represented by the Lower Istebna Beds.
Although believed to have been deposited in the epibathyal zone , they have a high proportion
of patterned ichnospecies (29 %). Thi s figure relates to the whole unit, which in the east con­
ta ins a th ick interbed of "fucoida l marl s". If the ichnospecies occurring solely in these marls
are deduced from the total number of ichnospecies, it appears that the predominant sedimentary
type of the Lower Istebna Beds, with evident proximal features, includes only 18 %of patt erned
ichnospecies. The Ciezkowice Sand stone pre sent s a similar example . The proportion of patterned
ichnospecies in this member, taken as whole , is high. Th e Ciezkowice Sand stone is thought
to be deposited on the edge of a shallow coastal fringe, partl y deposited in the neritic zone,
partl y in the uppermost part of the epibathyal zone. If the traces found in the sand stone layers
that were certainly deposited at shallow depths (with large-scale cross-strat ification) are taken
into account, it appears that they belong solely to simple types (Sabularia , Arthrophycus),
The patterned ichno spccies seem to be limited to rather thin-bedded sandstones, very likely
laid down below the edge at somewhat greater depths. In addition, although numerous on the
specific level, the patterned ichno species are mostly found in single specimens.

It appears then that not only the total number of ichnospecies, but also their frequency
is of significance in the bath ymetric distribution of trace fossils. An other inference should
also be drawn from the instanc es discussed: it cannot be assumed that the patterned types are
restrict ed to greater depths. They do occur in relat ively shallow water deposits, tho ugh much
less abunda ntly.
) The significance of differences in the frequency of patterned ichnospecies is also shown

when the beds presumably deposited at greater depth are compar ed. The Inoceramian and
Ropian ka Beds were deposited in the same per iod (Senoni an). The depth of deposition of the
form er was determined as the lower epibathyal zone, and the latter are believed to be laid
do wn at mesobath yal depths. The pr oportion of patterned ichnospecies to the total number
of ichnospecies in either unit is almost the same, but the number of patt erned types is much
greater in the Ropi anka Beds, and several of them occur in a considerable number, while in
the Inoceramian Beds the number of occurrences of particular patterned ichnos pecies is small .
The Beloveza Beds (Lower Eocene) as compared with the stratinomically similar Hieroglyphic
Beds (Middle Eocene) may serve as another example. There is a small difference in the total
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number of patterned ichnospecics in these beds, but in th e Bclovcza Beds 9 patt erned ichn o­
species may be classified as frequent against 4 in the H ieroglyphic Beds. Thi s particularl y
refers to highly intricate patterned types: in the Bcloveza Beds 2 helminth oids and 3 paleo­
dictyonid s are represented by numerous specimens ; in th e H ieroglyph ic Beds none of th ese
type s could be classified as freq uent, as all ichnospecies of these two groups are represented
by few if not single specimens.

Now the bathymetric range of pa rt icular patterned ichnospecies is tent ati vely presented
(table 11).

Tab lel l

DEPTH D ISTR IBUTION Or THE CAR PAT I-IIAN TRACE FOSSILS
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Gordia molassica occurs in a variety of beds, bu t does not occur in the beds presumably deposited at the greates t
depth . He lminth oida arc represented in practically all types of beds, but clearly attains the greatest frequency in the beds
deposited in the mesobath yal zone : He lminthoida labyrinthica in the Ropianka Beds and in the Variegated Shales, H . crassa
in the Ro pianka and Beloveza Beds, H . alterna in the BcIoveza Beds. Of all helminthoids H. miocenica seems to have the
widest bath ymet ric ran ge and even to be more common in the beds laid down at a relatively moderate dep th.

Cosmorhaphe is present in all kinds of beds, includi ng the Ciezkowice Sandstone, but beyond any doubt is much more
frequent in the beds deposited in the mesoba thyal zone.

All types of Paleomcandron are restric ted to beds deposited at greater dept hs.
Protopaleodictyon incompositutn and P. submontanum may occur spari ngly at smaller dept hs, but arc most freq uent

in the beds presumably deposited in the upper part of the mesobath yal zone (Hieroglyp hic Beds).
Urohelminthoida, nowhere very frequent , is present in all types of beds, even as aberrant var ieties in the shallow­

water Ciezkowice Sandstone, but is more common in the beds of the mesobathyal zone.
Paleodictyon occurs in all beds (except for the Lgota Beds, where bott om conditions were pro hibitive for many types

of burrowers), but the diversity of its types and the number of its occurrences marked ly increase with depth and attai n
a maximum in the beds of the mesobathyal zone (Bclovcza and Ropianka Beds, and also the presumably infrabath yal
or abyssal Variegated Shales). Paleodictyonids occurr ing in the Ciezkowice Sands tone tend to be represen ted by aberrant
varieties, of the Pleurodictyon-use types.

Of the spirals, Sp irorhaphe involuta is more frequen t in the Ciezkowice Sandstone than anywhere else, and only
paringly occurs in beds of epi- and mesobathyal depths . Thus it seems to represent a notable exception with regard to
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other patt erned types. In cont rast, Spirorhaphe zumayensis is restricted to the presumably mesobath yal Ropianka and
Szczawnica Beds. All three ichnospecies of Spirophycus appear to have a wide bathyrnetric range, but are most frequent
in the mesobathyal Hieroglyphic and Beloveza Beds and apparently absent in the Ciezkowice Sandstone.

Simple traces are present in all beds, and this implies that they are not restricted to beds deposited at smaller depths.
Their number, however, generally diminishe s in the beds laid down at greater depths, although the difference is not very
substantial (tab le 10). In respect to their bath ymetric distribution the simple traces seem to fall into two groups: one
consisting of traces with smooth or tran sversely ribbed surface (S abularia, A rthrophycus, Keckia) occurs mainly in the
beds of epibath yal origin, alth ough Sabularia simplex may be very common in mesob ath yal beds; the second group in­
cludes structures with surface ornamentation like Fucusopsis and Halymenidium which are most frequent in beds whose
depth of deposition may be defined as mesobathyal. In particular , coarse Sabularia rudis is rather more frequent in beds
deposited at shallower depth s, but S. simplex is common in the Srom owce and Beloveza Beds and still present in the
possibly infrabath yal Variegated Shales. Arthropliycus annulatus is very common in the Ciezkowice Sandstone and still
a bundant in the epibathyal Inoceramian Beds. Keckia is frequent in the epibathyal Godula Beds and also present in the
mesobathyal Hieroglyphic Beds. Fucusops is angulata and F. annulata have a wide depth range, as they oCCUl both in the
epi- and mesoba thyal beds, but are certa inly much more common in deeper-water deposits. Both kinds of Halymenidium
appear to be limited to mesobath yal beds (Beloveza and Hieroglyphic Beds).

Branched traces are represented mostly by chondritids, the occurrence of which is obviously linked with marly se­
dirnents. In the Carpathian flysch these beds, commonly termed "fucoidal marls " , occur in a number of units , mainly
in the Inoceramian Beds and as thick interbeds in the Lower Istebna Beds; they are less frequent in the Ropianka Beds.
The first-named beds were presumably deposit ed in the lower part of the epibathya l zone, as were most probably the
"fucoidal marls" intercalated in the Lower Istebna Beds, while the Ropi anka Beds were laid down in the mesobathyal
zone. All these three unit s contain a wealth of chondritids and related types (Taenidium, Bostricophyton, Buthotrephis),
This would mean that Chondrites has its maximum frequenc y in the lower epibathyal and the mesobathyal zone , an
assertion in fair agreement with the view of CHAMBERLAIN (1971b) . The related Strobilorhaphe seems to have a similar
depth range, and Lophoctenium is also very frequent in the beds of the same bathymetric assignment, although it is not
uncommon in still deeper deposited beds (Variegated Shales).

The winding types are the most common group in the Carp athian flysch, both in the number of ichnospecies and
occurrences. On the basis of their distr ibution in beds of different origin , it may be said that the number of types increases
with the dep th as exemplified by 12 ichnospecies in the Inoceramian Beds (lower epibathyal zone), against 16 ichnospecies
in the Ropianka Beds (mesobathyal zone) and the same number in the Belovcza Beds (also mesobath yal), while the upper
epibathyal Lower Istebna Beds have merely 4 and the Ciezkowice Sandstone 5 winding ichno species, Very likely this
increase with depth takes place only to a cert ain limit: the Var iegated Shales of the Palaeocene - Lower Eocene age,
presumably the deepest sediment of the Ca rpathian flysch, have a small number (6) of winding ichnospecies, but the number
of their occurrences is not small. S ubphyllochorda gra nulata is here particularly frequent.

Among the winding types Gyrocho rte seems to have a fairly limited depth range . Gyro chorte burtani occurs in the
beds assumed to have been laid down in the epibathyal zone (Grodziszcze Beds, Verovice Shales), but afterwards disap­
pears to reappear in the also ep ibathyal Kr osno Beds. It is absent in the inter vening beds of Upper Senonian - Palae­
eocene - Eocene age believed to be deposited mostly at greater depths than the epibath yal zone. One specimen was
fo und in the Senonian Skrzydlna Beds. These form an interbed in the Weglowka M arls which probably, according to
their microfauna, could not have been deposited much deeper than the lower epibathyal zone.

All types of He lminthopsis seem to be indifferent to depth, but are few and rare in the supposedly nerit ic beds.
Scolicia appears to be absent in the presumably nerit ic beds, but is otherwise ubiquitous, with the greatest frequency

in the lower par t of .the epibathyal (Inoceramian Beds) and the upper part of the mesobathyal zone (the Ropianka, Sro­
mowce, Beloveza and Hieroglyphic Beds). It seems to be much less frequent in the Variegated Shales deposited at greater
depths than the beds enumera ted above.

Subphyllochorda occurs in the beds assigned to both epi- and mesobathyal depths . Probably absent in the neritic
beds, it a tta ins its maximum frequency in the beds deposited at the greatest depth s of the Carpathi an flysch basin (Va­
riegated Shales).

Taphrhelminthopsis, absent in the beds laid down at small depths, occurs ab undantly in the beds assigned to the
mesobathyal depth s (the R opiank a and Beloveza Beds).

The depth distribution of the much discussed Zoophycos seems to be at variance with the views restric ting this trace
fossil to shallow-water deposits. Actually, it is present in the neritic Lower Cieszyn Shales , and almost disappears in the
epibathyal Cieszyn Limestone. But later il'is frequent in beds attributed to epi- and even mesobathyal depths: it is numerous
in the Godula, Inoce ramian , R opianka and Hieroglyphic Beds. On the contrary, Zoophycos is very ra re in the beds
deposited at shallower depths than the beds enumera ted abo ve. It is pract ically absent in the epibathyal Istebna Beds,
and very rare in the Ciezkowice Sand stone and the Krosno Beds. Th is would mean that Zoophycos producers developed
better at greater depths, say in the neighbourhood of 1000 m. Such an assertion must be weighed against the possibilit y
that not the depth but the character of sediments played a role in the distribution of this trace . On the other hand, in
some beds, deposited at the greatest depths of the basin (Variegated Shales, the Beloveza and Lacko Beds) Zoophycos

is extremely rare, and if present , usually developed as a very thin-ribbed type, most pr obabl y produced by an organism
different from those that formed Z oophy cos structures in other beds.
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Another spreitc Phycosiphou inccrtum is present in a lmost all flysch beds in various amounts, but abo unds in the
lnoccramian and part icularly in the Ropianka Beds. This would mean that this ichnospccies was frequent in the beds
deposited in the lower part of the cpibathyal and in the mcsobathyal zone .

A single occu rrence of Anemonichnus does no t say much. It is present in the M agura Sandstone which might have
been deposited locally near the wave base. At any rate this trace is indicat ive of dept hs not grea ter than the ep ibathya l zone.

The rosetted traces are represent ed by a variety of types produced by various organisms in different ma nners and
probably living in different environment s. Glocke ria occurs in epibat hya l beds and seems to be abse nt in deposits laid
dow n at greater dep ths, except for the very ra re G. sparsicostata. On the other hand , G. disordinata is, so far as one can
j udge, limited to the epiba thya l Upp er Istebna Beds. S ublorenz iuia and Capodistria have a wider depth ran ge, being fairly
commo n bo th in epi- (the Cieszyn Limestone, Grodziszczc, God ula and Inoceramian Beds) and rncsobathyal beds (Ro­
pianka Beds), but very ra re or absent in the beds that were deposited deeper (Variegated Shales, the Beloveza Beds).
Lorenzinias appea r to occu r more abundant ly in deep-water sediments (the Ropianka Beds, Variega ted Shales). N o
rosetted traces have been found in the Ciczkowicc Sandstone. no doubt the shallowest deposit of the Carpathian
flysch .

The circular traces show few types and specimens, and therefore little can be said abo uth thei r depth range . Mam­
millichnis occur s in beds to which differing depths have been assigned. M .aggeris is presen t both in the presum ably deepest­
water Variegated Shales and in the epib athyal Krosno Beds. Onl y Traucumichnis glaber seems to be limited to beds
depo sited not deepe r tha n the epib athyal zone, and is part icularl y frequent in the shallow water layers of the Ciczkowice
Sandstone .

To end this review of the presumed depth ra nge of the groups of tr ace fossils a nd particular
typ es, it should be st ressed tha t the resu lts presented sho uld be treat ed with reserve. A na lys is
of the distribut ion of trace fossils in relation to the presumed depth of the flyseh sedimente
in part icular stages of their dep osit ion shows th at it is not an easy matter to as sess the u se­
fulness of tr ace fossils for bathym etric zonat ion. N evertheless so me results have been ob ta ined .
Certa inly, they should not be generalized . They refer to th e Carp ath ian flysch basin and it s
conditions. T here is a lso litt le doubt tha t indi vidual types should not be used alon e as en viron­
menta l ind icators (KERN & WARME, 1974).

O ne result of the ana lysis of th e depth range of t race fossils in the Ca rpathian basin is that
simple burrow s occur in a ll beds of the Carpath ia n flysch. T his may indica te that th e Carpathian
flysch wa s no t deposited a t grea t depths. Such a con clusion is in agreement with sed ime nto­
logical and microfau nal dat a (text-fig. 4) . A suppo rting argument seems to be found in the
pr esum ed compositi on of the flysch infauna (table 3), in which polychaete worms see m to
pr evail. In the bottom fau na of the present -day seas the po lychaetes form th e main elemen t
down to 1000 m of water depth . a nd a re still very numerou s to a dep th of 2000 m. Below that
dept h the percentage c f the ir species fa lls to 3·7 (in th e Pacific Oce an to -5, acco rdi ng to ZEN­
KEVICH, 1963), a ltho ugh farth er down incl ud ing hadal depths they st ill exist (M OORE, 1958) .
The presence of st ructu res tentatively assi gned to ot her groups is no t of mu ch avai l, as these
groups have a very la rge ran ge of depth d istribu t ion . The sipunculids are for the most pa rt
litt oral , but severa l species desce nd to great depths. Signific antly , some specie s such as Goldfingia
fla gifera occur in cold Artic seas at sma ll dept hs. but in ocea ns live a t infrabathyal depths
(T ETRY, 1959). The priapul ids prefer cold waters and are frequent down to 400 111 , but some
species, identical to sha llo w-water types have been fou nd a t very gr eat depths (DAWYDOFF,
1959). T he holothurians a re most frequent down to 3600 m (CUENOT, 1948, MOORE, 1958) ,
but were photographed a t gre ater depths ( HEEZEN & HOLLISTER, 1971). Solen ogastres have
a la rge range of depth d istribut ion. F inall y, if the assign ment of the Lorenzinia traces to the
sessile hydromedusae simila r to Corynt orplta is right , this would ind icat e dep ths of abo ut
1000 m , as these animals can attach th em selves to suitable so ft bottom in dee per waters
(HYMAN, 1940).

In any case th e compositi on of the fauna of th e p resumed tr ace-p rod ucers does not con­
tradict the assumption th at the Carpathian flysch was dep osited for th e most part at moderate
bathyal depths.

Some light on the problem of water depth in the basin is shed by analysing the specific
diversit y of t race fossils. SANDERS and H ESSLER ( 1969) showed th at species diver sit y o n th e con-
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tinental slope is higher th an on th e shelf. It is also known th at species diversity lessens below
2000 m (VINOGRADOVA, 1962). The number of tt ace types may not be identical with that of
tr ace-making species, as it is possible tha t on e species may produce two or more tr aces , but
at any rate the number of trace types sho uld be prop ortional to th e number of trace-m aking
species. The highest diversity in ichnospecies (table 10) is shown by the Ropianka (92) and
Beloveza Beds (79), followed closely by the H ieroglyphic Beds (67) and the Variegated Shales
(61). All th ese beds on the strength of th e sedimen tologica l evidence and their microfaunal
assembl ages have been classified as deposited below the ep iba thyal zone. Close to them follow
the Inoceramian (57) and G odula (41) Beds whose deposition ha s been assigned to lower
epibathyal depths. Other formati on s lie beh ind , not attaining or scarcely surpass ing 30 ichno­
species in number. Some of them , like th e Lacko or Szczawnica Beds are regarded as meso­
bathyal, but th eir low ichnospecies diversity is easily expla ined by few sandy intercalations
in the Lack o Beds, and by unfavourabl e bottom conditions (dark sediments) in the Szczawnica
Beds. Others, like th e Krosno and Isteb na Beds, most of the M agura Sandstone, and especially
the Ciezkowice Sandstone, were deposited well above the mesob athyal depth.

In th is way the conclusion th at the specific diversity of the flysch ichn ofauna increased
with depth appea rs to be justified . Possibly th e sma ller number of types in the Palaeocene­
Lower Eocene Variegated Shales in compari son with other format ion s assigned to the meso­
bathyal zone also suggests th at the se bed s, in all prob ab ility the deepest sediment of the Car­
pathi an flysch, were laid do wn at a depth at which th e dive rsity of species begins to dwindle.

It also shou Id be recalled th at , as shown in th e preceding chapter , in several formations
(the Inocerami an, th e Ropianka, the Beloveza and the K rosno Beds) th e number of ichno­
species tends to increase downcurrent , i. e. with the dep th of wate r.

Certain general result s obta ined by mean s of va riou s lines of ap proach may be summarized
as follows.

There is to o good an ag reement between the inferences based on ichnological analysis on
the one hand , and on sedimentological and microfaunal determinati on s of the water depth
in the basin o n the other, to pr esum e th at it was not water depth but other factors, such as the
type of sediments, evo lut iona ry trend s, tim e and bottom conditions, which mainly controlled
the development and co mposition of the ichnofauna . Nevertheless, the se facto! s cannot be
discounted and their int ervent ion has often obscured the significance of the water depth.

Th e number of patt erned (meand er ing and network str uctures) types, in accordance with
the hypothesis of SEILACHER ( 1967b), increases in the bed s presum abl y deposited at greater
depths, although these types may be present in the deposits assigned to fairl y shallow-water
condition s. The increased diversity of patterned ichnospecies in th e downcurrent direction was
noted in th e ana lysis of th e lateral distributi on of ti ace fossils (tables 7-9).

Simple ichn ospecies are highest in number and freq uency in shallo wer deposits, but they
arc also present, sometimes in considerable strengt h, in deep-water depos its. Some types show
preference for deeper-water environments tFucusopsis, Halym enidium, table 11).

Branched t races sho w a pre ference for interm ed iate depths, altho ugh the type of sediment
IS influential in th eir distributi on.

The number of winding types increases mar kedly with the depth .
There are no vertica l burrows which co uld be ascr ibed to suspension feeder s. The burrows

of th is kind occasion ally occurring in the Carpathian f1 ysch were mo st probably, like other
traces, mad e by deposit feeders. Although the abundance of burrows and th eir distribution
are most difficult to docum ent qu antitively, it may be sta ted that the freq uency of a few types
(guided meanders, networks, some of th e winding types) increases with depth. The diversity
of species also incr eases mark edly with th e depth at which the sediment were deposited.

The presumed compos ition of the trace-producing fauna does n ot discard the assumption
th at the Carpathian flysch was mostly deposited at bathyal depth s.
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(table 12)
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In most cases the toponomic situation permits the determination of whether the trace had
been made before the sea-floor was covered by current-brought sand or silt, or whether it was
produced after the sand layer had been deposited. Obviously, pre-depositional traces are due
to older dwellers of the sea-bottom living either on the surface of the sediment or within the
substratum, most probably at a small depth beneath the bottom.

All traces occurring on the underface of sandy or silty layers (element I) are, if preserved
as sedimentary casts, older than the full burrows occurring on the same underface or within
element I. Traces clearly cut across by current marks (flute casts , drag marks etc.) are also
evidently older than the deposition of the sandy layer. From the mutual relations of traces
occurring on the same interface it may also be estimated which traces were made earlier, as
in many instances traces of different kinds intersect or interpenetrate one another. The relation­
ship between traces is not haphazard: certain types are consistently cut across by other types
(details given in the descriptive part).

Ta ble 12

SUCCESSION OF TH E SEA-FLOOR COLONIZATION IN TH E CARPATHIAN FLYSCH BASIN

Sabularia '" :::-:::
§-~

Fucusopsis, Halymenidium -::: §-
Sand dwellers Zoophycos, Tubuli chnium

Cs ~
~ ~

Subphyllo chorda , S colicia, Buthotrephis, Sp iro- -g ~ .~

~~ '"rhaphe involuta ~
0;::
.S

L ophoctenium :::
...:::

Fine-sand dwellers Protopaleodictyon ~ :::
Cosmorhaphe, Urohelminthoida , Belorhaphe e

~~

~ ;...
Helmin-e -:::

Mud - and fine-sand dwellers Desmograpton, Paleomeandron , Helicolithu s, Phycosiphon, ~ ~ thoida~ .:::
Q.,

~

Bottom- and mud dwellers ITaphrhelminthopsis, Taphrhelminthoida , Lorenzinia , Sublo-
renzinia plana , circular traces

The traces from the network group only rarely intersect other traces but are often cut across
by traces of other groups. Paleodictyonids of various kinds are not uncommonly intersected
by simple traces such as Sabularia (most often by S. simplex), Fucusopsis annulata or Haly­
menidium oraviense. It may also be inter sected by Subphyllochorda granulata or, in rare instances,
oy Helminthopsis, Cosmorhaphe or Urohelminthoida dertonensis. In one or two cases a Paleo­
dictyon net is laid down over a Taphrhelminthopsis furrow. This indicates that Paleodictyon
is later than the pre-depositional trail of Taphrhelminthopsis, but earl ier than many meandering,
winding or simple traces. In one case, however, its net overlaps a Helminthopsis full burrow
(KSIJ\ZKIEWICZ, 1970, pI. 4q). Desmograpton is intersected by Sabularia. Megagrapton may
be intersected by Sabularia, but it cuts across Strobilorhaphe and in one case seems to intersect
Sabularia. Urohelminthoida is cut through by Subphyllochorda granulata, Buthotrephis and
Spirophycus. Protopaleodictyon incompositum is intersected by Spirophycus and Strobilorhaphe
pusilla. Protopaleodictyon submontanum may be intersected by Fucusopsis annulata. Belorhaphe
is intersected by a Helminthopsis (hieroglyphica) and in another case, by Megagrapton ir­
regulare. Meandering traces are intersected by a variety of traces: Helminthoida crassa has
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been found penetrated by Spirophyc us and Sabularia, H. alt erna by Cosmorltaphe or Haly­
m enidium oraviense ; H . labyrinthica is quite commonly inter sected by Scolicia and Chondrites;
H . aculeat a is cut across by Sab ularia simp lex. Cosmorhaplte sinuosa may be intersected by
Sabularia. Helicolithus sampelayo i is inter sected by Halymenidium oraviense. Paleomeandron
elegans may be intersected by Heltninthoida crassa , or by Sabularia.

Spiral types are on ly rarely affected by other traces. Spiropliycus is cut across by S abularia ,
and Spirorhaphe involuta in one case by a Helniinthopsis, but it may itself intersect this tr ace.

W indin g traces often int ersect meandering types an d networks, an d are commonly inter­
sected by simple traces. Sco licia vertebralis is cut ac ross by Tubulichniutn incertum, Subpliyllo­
chorda is qui te commo nly inte rsected or penetrated by Sa bularia simplex , and in one or two
instance s by a Zoophycos. Helm inthopsis in on e case is ove rlapped by bordering ribl ets of
a Paleodictyon carpathicum net , but otherwi se cuts across other co mplex types, itself being
int ersected by Sa bularia.

Spreiten types only rarely interfere with other traces, and Zoophy cos, which may penetra te
other stru ctures, is only seldom inte rsected. In one case it seems that some chondritids penetrate
thi s structure an d possibly a Sabularia. Another spreite , Phy cosiphon incertuni, covers an ep i­
chnial furrow of Taphrhelmintliopsis , obviously poste rior to that trace, but may be intersected
by S colicia plana, S. prisca, Tubulichnium incertum or Z oophycos.

Bran ched types, part icularl y chondritids, are in rare instances intersected by other traces.
Chondrites may be cut th rough by Z oophy cos and Sabularia, Buthotrephis by Seolicia and
Sabularia , and Lophoctcniutn ramosum by Scolicia. Strobilorhap te in some instances is cut
across by M egagrap ton , Fucusopsis annulata and var ious types of Sab ularia . It may, however ,
penetrate both Fucusopsis and Sabularia.

Simple bur row s are cut across by other simple burrow s : Ha lymenidiuni by Sa bularia, also
Fucusopsis may be int ersected by Sabularia . In some very rare instances, simple types are
ntersccted by more complex types: Fucusopsis and Sab ularia may be penetrated by S trobilor­
haplie clavate or Rhizocorallium. In most instances simple forms are posterior to other type s.
Sabularia burrows in particu lar co mmo nly intersect other traces.

On the grou nd of the data pr esented a bove an att empt may be made to reconstruct the
succe ssion of tr ace-m ak ing ani ma ls in a basin repe ate dly invad ed by sand-bringing turbidity
current s (table 12).

Th e ind igenous clayey sedime nts were inhabited by the anima ls to which pre-depo sit iona l
traces may be assigned: lorenzinias, some Sublorenzinia, most of Taphrhelminthopsis and a lmost
all Sp irophyc us and Subphyllochorda laevis.

When san d layers had been deposited , they were colon ized first by more complex pa tt erned
types: netlayers (Paleodictyon, Dest nograp ton) and obligatorily meandering animals producing
Helminthoida-tytic traces. The evide nce on which the succession of co mplex patt ern ed type s
could be establ ished is very scarce, but it seems that the prod ucers of Paleodicty on and Paleo­
meandr on, and pos sibly also of Helicolithus, appeared earlier, whi le He lmin thoida, Cosmorhaphe,
Urohelm intlioida, prob ably also Prot opaleodictyon par tly at the same time or slightly lat er.
Approximat ely at the same time the planar sp reite Phy cosiplion colonized the introd uced sand
layers. At a later stage some Spirophycus (most of them are prc-depositio nal) and severa l
wind ing types invaded sandy layers, followed by branched types, which, however, may also
have appeared earlie r or at th e same time as branched tr aces. Simple straight burrowers, pro­
ducing Fucusopsis, Halymenidiiun , Sabularia an d perhaps Keckia, were th e last invad ers of
sandy layers, altho ugh in some proba bly ra re cases, bran ched Strobilorhaphe may be poster io r
to them. Sabularia appears to be particularl y indiscr iminate in intersecting and penetrat ing
other tr aces, both of com plex and simple. Its producer was no doubt the last animal bu rr owing
in sa nd layer s.

Generally, it may be concluded th at the patt erned types are intersected by winding and
simple stra ight ty pes, the br an ched and windi ng traces by stra ight simple tr aces. Th e lat ter
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were produced by the last colonists of the current-brought sandy layers, the former by the
animals which most likely had an easier access to the sand layers.

It is str iking that late burrowers in sandy layer s are with out any doubt post-depositional,
while the early ones include types for which the evidence is not always clear whether they arc
post- or pr c-depositional. Indeed, some of them ma y be suspected of being both pre- and
post-depositional (Cosmorhnphe , some Helminthoida, Taphrhelminthoida, Belorhaphe, Pa/eo ­
dictyon , see table 3). It is possible th at these types might have been made by the animals that
lived in the argillaceous substratum or on its surface, but when the sand or silt was introduced,
they were able to burrow in it, always close to the underlying mud , at the mud /sand interface,
provided that the sand was very fine-gra ined , or th at silt instead of sand was introduced by the
current. On the other hand , the tr aces formed in the sand later, including most of the spreiten
and winding types and all simple burrows, were produced by animals that were adapted to
live and burrow essentially in sand.

The que stion seems to be linked with th e problem of the manner in which biogenic struc­
tures were made on the interfaces, particularly on the lower interface of elements 1. From the
number of types described (almost 150 are classified as ichnospec ies) an impression may be
given that the Carpathian f1ysch is very rich in trace fossils , though this is not so. Although
certainly more th an half of the elements I may be regarded as tr ace-bearing, there are com­
paratively few underfaces with well-developed biogenic structures. Most trace-bearing layers
contain on their und erface innumerable irregular sma ll ridges, knobs and tubercules, but few
structures have such dist inct morphological features that they can be classified as determinable
ichnotaxa. The abundance of traces ind icates th at the life on the sea-floo r was plentiful, but
th at the animals formed fully developed structures rather exceptiona lly.

If all tr aces were pre-deposition al, their rudimentary development would be easy to explain:
the tr ace made on the sea-floor or just beneath it was scoured by the current, and only cert ain
parts, more or less fortuitou sly preserved and cast with sand remained. Most of the sole struc­
tures are , however, clearl y post-depositional (table 3). A tentative interpretation is that many
apparently post-depositional structures were made by anima ls which principally lived in the
mud or on its sur face, and occasio na lly for some reason , probably for a change or supplement
of diet , or to get more oxygen, th e amount of which might be depleted when the bottom was
covered by sand, entered th e lowest part of 'the current-brought sediment and consti ucted
their traces there. Th ese animals only exceptionally produced distinctive sole ti aces, now
scattered here and th ere on the sole. More often, possibly probing the new sediment or looking
for a way to escape from below the suddenly introduced sandy cover, they entered it for a little
while, leaving only shapeless ridges or tubercules. The producers of Helminthoida, Paleodictyon,
Cosmorhaplte and of some rosetted tr aces prob ably had thi s way of life. The tr aces of their
activities in the mud might have been obliterated by cornpact ion.

Apart from th is type of animal , there mu st have been many true sand-dwellers, living or
at least mainly living in sa nd . There are never an y doubts as to the time of construction of
their burrows: they a re alway s post-depositional. In mo st cases their tr aces may be called
"endless" , with hardly any beginning or end . Usuall y they occur in serried masses, den sely
covering the interfaces or tr aversing the sand layers. Sabularia, Fucusopsis and Keckia are the
main representatives of thi s group.

It may therefore be presumed th at the tr ace-making animals belonged to three categories:
I. mud-dwellers th at were unable to live in sand and never entered it; 2. mud-dwellers able
to enter sa nd transientl y and to process it; 3. sand-dwellers, never entering mud.

Since mud was the main deposit , who se sedimentation was from time to time interrupted
by the sudden dep osition of sand or silt, the anima ls living in mud may be regarded as the
indigenous inhabitants of th e basin floor. This might have been the reason why they appeared
in sand layers earlier th an the exclusive sand-dwellers. These were better off in the areas more
frequently invaded by sand inflows, situated nearer the shore and at shallower depths than the
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areas of the sea-floor where clayey deposition prevailed. The mud-dwellers to a great extent
consisted of patterned types. We shall not be far wrong if we conclude that these meandering
and net-laying animals were the main inhabitants of the deeper part of the bottom and were
therefore the first to colonize the sand and silt layers brought by turbidity currents into the
deeper part of the basin. Simple burrows appeared in sand layers at later stages. This suggests
that their producers following the sandy layers descended to greater depths from a shallower
habitat. Evidently they found enough food in the sand brought from shallower zones. For
these reasons we find a considerable admixture of simple types in beds deposited at great depths.
In this context it is worth while to recall that many benthonic animals display considerable
tolerance with respect to pressure, and that it is rather the amount of food than the pressure
which controls their depth distribution.

The composition of the ichnofauna in particular stratigraphic units is fairly uniform (except
for the Ciezkowice Sandstone). This suggests that the colonization of the sea-floor by the trace­
making fauna embraced large areas and that the ecological conditions did not change much
from one place to another. In each unit the assemblages consist of many types and in most
cases the trace fossils in successive layers are not identical. There are, however, quite numerous
instances of an ichnospecies persistently appearing in several layers close to one another in the
succession. A few example illustrate the case. In the Albian Lgota Beds at Rzyki Scolicia plana
occurs in several adjacent layers. In the Senonian Ropianka Beds on the slope of Mt. Lubo­
goszcz Subphyllochorda laevis occurs on the soles of at least six sandy layers situated closely
one above the other, separated, naturally, by shaly interbeds, each 10 to 15 cm thick. At Zlatna
in the Lower Eocene Variegated Beds in each silty layer Subphyllochorda granulata abounds
over a distance of several metres, to the exclusion of other types. In the same beds at Lipowe
Fucusopsis annulata is numerous in sevcral adjacent layers. Subphyllochorda granulata occurs
in very many layers one above the other in the cross-sections cutting across the Variegated
Shales and the Beloveza Beds at Lubomierz. In the Krolow stream at Dzwiniacz Dolny Sub­
phyllochorda laevis occurs in a few layers situated near one another. At Zalesie two adjacent
sandstone layers display Paleodictyon carpathicum on their underfaces. These and other facts
indicate that some burrowers occupied certain areas of the sea-floor to the exclusion of others
and maintained their preponderance for a long time, perhaps hundreds of years, colonizing
one layer after another in turn.

TRACE FOSSILS AND STRATIGRAPHY
(tables 13-14)

The possibility of using trace fossils for stratigraphy was discussed by SEILACHER (1960),
HXNTZSCHEL (1962), VIALOV (1966), CRIMES (1968). The present author expressed opinion
(KSI.t\ZKIEWICZ, 1970) that several trace fossils may be of stratigraphical value for the Car­
pathian flysch.

The problem is not an easy one, as the conclusion are in part based on negative evidence.
Further research may bring new findings which might enlarge the vertical range ot individual
ichnogenera and ichnospecies. On the other hand, all stratigraphic units have been thoroughly
searched for trace fossils, and the collected and observed material is abundant (several hundred
specimens or occurrences noted for each unit). This may justify a tentative drawing of certain
conclusions, summarized in tables 13 and 14. These conclusions largely confirm the data given
earlier by the author (KSI.t\ZKIEWICZ, 1970).

It appears that only a few genera have a confined stratigraphic range, and very few ichno­
species appear to be limited to one stratigraphic stage. To these belong: Glockeria glockeri
(Neocomian), G. sparsicostata (Senonian), Lorenzinia (seemingly limited to the Senonian and
Palaeocene), Scolicia plana (Albian - Senonian, later replaced by S. prisca), Paleomeandron
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STRATl GRA P HIC DISTRIBUTION OF ICH NO GEN ERA IN T HE CARPATHIAN FL YSCH
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Fucusopsis x x x x x x x x

Ha lymenidium ? x x x
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Buthot rephis x x x x x x x ?
Bostricophyton x
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Granu/aria x x x

I
Lophoctenium x x x x
Strobilorhaphe

_ I-
x x x x x x
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Asterichnus x
Capodistria x x x
Fascisichnium x x
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Tub erculichnu s x x x x x x x x ?
Tubu lichn ium x x x x

cont.
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elegans (Senonian, in Palaeogene replaced by P. rude) and Desmograpton, in typical forms
limited to the Senonian. In contrast with other regions of the Tethys (SEILACHER, 1974) it seems
that some ichnospecies may be used to distinguish the Cretaceous from the Palaeogene beds.

The factors controlling the vertical distribution of the trace fossils in the Carpathian basin
may have been multifarious. There is little doubt that the changes in sedimentation were the
main factor. For example, the ranges of Fucusopsis annulata and Lophoctenium ramosum end
with the lower boundary of the thick-bedded Magma Sandstone. Depth changes may also have
influenced the appearance or disappearance of many types. It can never be said for certain
that a trace disappeared because the producer became extinct, nor that other factors, changes
in sedimentation, bottom conditions or depth caused its temporary removal from the basin.



DESCRIPTI VE P AR T

L CIRCU LA R AND E LLI PT ICAL STRUCT URES

This group includes t races with round or elliptica l outline, hypichnial or epichniaI. It is
scantily represented in the Carpathian flysch , both in th e number of types and in specimens.
It consists of four ichnogenera : Mammillichnis CHAMBERLAI N, Bergaueria PRANTL, Para­
rusophycus n. ichnogen. , Traucumichnis n . ichnogen. Perh ap s some unnam ed round trace s
(loose tubercules, text-fig. 28 and presum ed scribing tr aces, text -fig. 32) should a lso be assigned
to this group.

lchnogenus Mamm illichnis CHAMBERLAIN, 1971

Type ichnospecies: Mammilli chnis aggeris CHAMBERLA IN .

Mamm illichnis aggeris CHAMBERLAIN, 1971a
(pI. 1, figs I, 2 ; text-fig. 5a, b)

1971a. Mammillichnis aggeris n. ichnogen. and sp. CHAMBERLAIN, p. 238, pl, 30, figs 6, 7. text-fig. 7G- J.
M aterial: 9 specimens and a similar number of occurrences noted in the field.

Description. - The specime ns ra nge from 8 to 10 mm in diameter and 3 to 4 mm in height.
The apical depression is 4 mm wide a nd the teat-like tubercul e it conta ins in the middle is I mm
wide . In some specimens the central tubercule is encircled by a low ring- like wall (te xt-fig . 5a).

This trace never occurs gregarious ly, but occas iona lly a few mounds occur sca ttered near
one another on the sole.

Remarks. - The resemblance to the CHAMBERLAIN'S type, in spite of regional and st ra t i­
graphic differences, is striki ng. The difference is sma ll : some Ouach ita specimens are sligh tly
lobed and have no central ring, a lso absent in o ur spec imens . Th ere seems to be no ground
for classifying the Caipathian material as another ichnospecies.

Sediment. - Thin-bedded (the thickest 4 cm), fine-grain ed sandstones, h ori zontall y or
single-current laminated.

Association. - Small Sabularia, little tubercules and ridges .
Origin. - CHAMBERLAIN (1971 a) gives three inte rpreta t ions, of which the concept ofa hiding

or resting trace seems to be the most probabl e. He does not say anything about the presumed
producer, but the shape of th e tr ace and its rad ial symmetry (particularl y as seen in his fig. 7 J)
would suggest an anthozoan (actin ian ?).

Occurrence. 1 - Nowhere is th is type frequent. Sen on ian-Inoceram ian Beds: M ak owa ;
Ropianka Beds : Chyzowki, Palaeoccne-Szczawnica Beds : H alu szowa , G rywald . Palaeocene

1 Localities in the text are given from the west eastwards (text-fig. I) .
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to Lower Eocene-Variegated Shales: Lipn ica Mala. Lower Eocene- Beloveza Beds: Lipn ica
Mal a, Myslec. Oligocene-Krosno Beds : Wujskie (here fairly frequent).

Ich nogcnus Bergaueria PRANTL, 1945

Type ichnospecies: Bergaueria perata PRANTL (HANTZSCIIEL, 1962).

Bergaueria prantli n. ichnosp.
(pl. I , figs 3- 5; text-fig. 5c, d, e)

Holotyp e : UJ TF 115 (p I. I. fig. 3).
Type locality: Grzechynia nea r Sucha Beskidzka ,
Type horizon : Hier oglyphic Beds, Middle Eocene .
Derivation of the name : in honou r of F . PRANTL, emin ent Czech geo log ist and pa laeontologist.
Ma terial: 11 specimens.

Diagnosis. - Hypichni al hemispheric al mound-like cast, with a depression 111 the apical
part of the mound.

Description. - The holotype has a completely circular outline. Its diameter is 13 mm long,
its height 3 mm. The mound slopes slightly in one direction. There are two interconnected
shallow pits in the top of the mound .

The largest specimen is elliptical in out line. Its greater diameter is 60 mm and the lesser
35 mm in length. The apical depression is oval and also consists of two holes. Smaller specimens
are more common, they are nearl y circular, 10 to 15 cm wide. They almost always slope in one
direct ion. Some of them have only one apical hole.

Most of the occurrences seem to be solita ry, but in one case the traces occur near one
another 0 1 even overlap (pI. I , fig. 5).

Fig. 5
oMam millichnis aggeris CHAMBERLAIN, Wujskie, Kro sno Beds, UJ TF 118; i§ Ma mmillichnis aggeris CHAMBERLAIN,
Lipn ica M ala, the stream Linork a, Var iega ted Shales, UJ TF 1117; @ Bergaueria prantli n . ichnosp. , Kaclowa, Ro­

pianka Beds, UJ TF 907; @j Id., Wierzbanowa, Ropian ka Beds, UJ TF 11 78; ~ Id ., Limanowa , Ropianka Bed s, UJ TF
824. All figures x 1

Remarks. - At first sight the t race seems to be identical with Bergaueria perata PRANTL

which occur s as "bag-like" protubera nces on th e lower surfaces of some sandstones in the
Bohemi an Ordo vician flysch (P RANTL, 1945). In our material the dimensions are more variable
(in B. perata the d iameter is 35-45 mm, th e height almost the same) and the apical hole tends
to be doubled, a feature absent in the Ordovician form . In addition, B. perata, if well preserved,
shows radially arranged protuberances around the central depression. No traces of such pro­
tuberances are seen in our material. No declivity is noted in B. perata , and its flanks are steeper.

There is little doubt that Bergaueria is related to Mammillichnis aggeris CHAMBERLAIN,

which is smaller and has a teat-like tubercule in the apical depression. It is open to argument
whether Bergaueria and Mammillichnis should not be united under one generic name, the more
so since M . aggeris, according to CHAMBERLAIN, (1971a) may be slightly lobed. These lobes,
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seen on the better preserved specimens in the Ouachita material , may correspond with thc
radial protuberances of B. perata.

Sediment. - Thin-bedded (up to 6 cm) , fine-gr ained, horizontally laminated sandstones.
In one specimen (pI. 1, fig. 4) the filling material is coarser than th e ho st rock .

Association. - In one instance associated with Capodistria vett ersi (pl. 7, fig. 12).
Origin. - Probably a pre-depositional shelter burrow. According to PRANTL (1945) Ber­

gaueria perata may be a protective burrow of some anthozoa ns allied to Recent Cerianthus
or Edwardsia.

Occurrence. - Cenomanian-Lower Godula Beds: Jaroszowice. Turonian-Middle Go­
dula Beds : Ponikiew. Senonian-i-S 'crzydlna Beds: Wicrzbanowa ; Upper Godula Beds: Rudnik;
Ropianka Beds (here fairly frequ ent): Wierzbanowa, Ka sin a Wielka , Limanowa (the hamlet
Marci szow), Chyzowk i, Stara W ics, Kaclowa , Kw iatori. Palaeoccne to Lower Eocene­
Variegated Shales : Pawel Wielka. Middle Eocene-Hieroglyphic Beds: GI zechynia . Upper
Eocene-Magura Sandstone : Rzyk i near Liman owa.

Ichn ogenus Pararusophycu s n. ichnogen .

Typ e ichnospecies: Pararusophycus oblongus n. ichn osp.
Derivat ion of the name: a certa in similar ity to Ruso phyc us.

Diagnosis. - Hemi-ellipsoidal mound with a med ium fur row .

Pararusophycus oblongus n. ichnosp .
(pl. I, fig. 6)

Holotype : UJTF 114 (pl. I, fig. 6).
Typ e locality: Liszna in the Bieszczady Mt s.
Typ e horizon : Hieroglyphic Beds, Middle Eocene.
Derivation of the name : Lat. oblongus - oblong.
M aterial : 4 specimens and several occurrences noted in the field.

Diagnosis. - Hypichnial mound of ellip tical outl ine, sloping along its axis in one direction,
with a longitudinal shallow furrow along th e crest a nd two knobs on the elevated sides of
the mound.

Description. - The holotype is 45 mm long, 35 mm wide and 15 mm high in the elevated
part of the mound. The medi an furrow is 2- 3 mm deep, 10-12 mm broad. The elevated part
of the mound is clearl y delineat ed , with re-entrants on a1l sides, whil e th e lower part has rather
diffuse borders. The kn ob s, situated on the very border of th e furrow, are 4-5 mm wide and
about 1·5 mm high .

Other specimens are sma ller a nd th eir sculpture, i. e. the median furrow and the knobs,
is not so d istinct as in the holot ype. In particular , the knobs may be hardly developed. The
specimens found so far seem to occur solitarily, but in one slab from the Hieroglyphic Bed s
at Komaricza two oblong mounds seem to be a ligned .

Remarks. - There is an external resembl ance to Rusophycus : the outline is similar and
the median furrow present, but there is no transversal wrinkling or ribbing. The dimensions
are larger in our material. The trace in question differ s from Sagittichnus SEILACHER (1953b)
in outline (in Sagittichnus it is tri angular) , in its gre ater dimensions and solitary manner of
occurrence.

F . SIMPSON (1970, p. 261 , pI. 10, fig. 1) described similar but not identical traces, smaller
than our typical specimen, with a narrower median furrow disappearing in one direction, and
with no knobs. Some of our specimens which are not fully developed or preserved are similar
to SIMPSON'S material, which he has placed in the affinity of Sagittichnus.

Sediment. - Thin-bedded (4-5 cm) , fine-grained , horizontally laminated sandstones, but in
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one case (Magura Sand stone, Zawoja , the hamlet Mosornc) on the sole of a sandstone 75 cm
thick.

Origin. - This trace may be interpreted as a pre-depositional hollow made prior to sand­
casting. Its shape suggests that the producer was a crustacean. The knobs may be imprints
of its' eyes when the an imal was overturned by the current and was trying to shelter in the
mud. F. SIMPSON (1970) pre sumes that his type was a syn-depositional burrow formed by an
animal to avoid being swept away be the current.

Occurrence. - M iddle Eocene-Hieroglyphic Beds: Zawoja (if SIMPSON'S material belongs
here), Osielec, K omaricza , Liszna. Upper Eocene-Magura Sandstone: Zawoja, the hamlet
Mosorne.

Ichnogenus Traucuniichnis n. ichnogen.

Type ichnospecics: Traucumichnis glaber n. ichnosp.
Derivation of the name: Lat .: traucum-s- hole, pit, (French -le trou ).

Diagnosis. - Hemispherical smooth-walled cavities, void or filled with sediment.

Traucumichnis glaber n. ichnosp.
(pI. I, fig. 7)

Holotype : UJ TF 125 (pl. I , fig. 7).
Type locality: Wara in the San valley.
Type horizon: Inoceramian Beds, Senonian.
Derivation of the name:"Lat. glaber - bald; the walls of the hole are smooth.
Material: 4 slabs, each with numerous traces, and very many occurrences observed in the field.

Diagnosis. - Epichnial small hemispherical cavities, in some specimens filled with ring-like
deposited sand. The tr ace occurs gregariously.

Description. - In the specimen taken for the hol otype the cavities are perfectly circular,
1·0 to 2·5 cm wide and 4 to 15 mm deep. On the average, the larger cavit ies are deeper. Their
walls are quite smooth, except for some horizontal stri ation reflecting the lamination of the
host rock. Some cavities are filled with sand. In this instance there is a circular furrow along
the rim of the cavity.

In the Ciezkowice Sandstone, in which this kind of trace is not uncommon, the cavities
attain 4 cm in diameter. M any of them are filled with sand and the bordering furrow is de­
veloped in most cases. One or two cavities have a rather elliptical outline. Some fillings display
a ring-like structure.

Remarks. - The ring-like filling of the cavities, seen in some instances, recalls the structures
described as Laevicyclus QUENSTEDT. This, however, is a cylindrical vertical body (WURM, 1911,
K EMPER, 1968). The central canal existing in Laevicyclus is not visible in the discussed traces.
Their assignment to Mammillichnis or Bergaueria could be based only on the circular outline.
It therefore seems justifiable to create a new ichnogenus for this type of tr ace .

Sediment. - The tr ace occurs on the upper surface of thin-bedded (4-5 cm) sandstones
which are graded and frequently coarse-grained at the base, but the cavities are confined to
the fine-grained portions. .

Association. - Arthrophycus, Sabularia.
Origin. - The round cavit ies are somewhat similar in shape and size to the holes produced

by certain sea-urchins, like Echinocardium cordatum or E..flavescens (see HYMAN, 1955, SCHAFER,
1972). These spatangoids dig in the sand with their underside spines and make circular shafts
ending in a cavity. As the walls of the burrow are plastered with mucus, they retain their shape
in loose sand. According to SCHAFER (1972) E. cordatum, when moving from one place
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to another , also produces str uctu res in th e form of segmented cut-and-fill burro w. Th e occur­
rence of Traucumichnis glaber is often acco mpa nied in the same slab by segmented burrows
described here as Arthrophyc us annulatus (pl. I , fig. 7, th e left upper co rner a nd centre right
of the ph ot o). Thi s associat ion m ay suggest that these were also made by spa ta ngoi ds . In no
occurrence of Traucumichnis have remain s of echinoi ds been found, but in associated bed s
of th e Cr etaceou s age (lnoceram ian Beds), in whic h th is tr ace occu rs, such remain s a re not
uncommon. In Eocene beds with Traucumichnis, echinoid s have not bee n found,

Occurrence. - Senonian-Inoce ramian Beds: Wara (commo n in thin-bedded layer s) :
Lo wer ls tebna Bed s: Roznow, Lower Eocene-s-Ciezkowice Sandston e (fairly frequent): Zna­
mirowice, Grodek , Ciezkowice.

,
I I. SIMPLE STR UCTURES

Thi s group is well represe nted in the Carpathian flysch . It consist s of cylindrical , mo stly
straight , more rarely feebl y curved burrow s, with no or few lateral branches. The surface is
eith er sculpture d or smooth. Scul ptural elements, such as ribbing or st riat ions, may be purely
superficial , or reflecting an internal segmenta t ion of the burrow. M ost of th e types are long
burrow, with no detectabl e terminat ion s, but some arc short with one end well defined , There
are types quite continu ous without any transversal articula tion, but man y consist of clearl y
defined segments. Th e classificat ion into ichnogenera is based on the external sculptur e:
Arthrophycus HALL, Keckia GLOCKER and Rhabdoglyphus VASSOEVI CH are transver sall y st riated
or ribbed , Fucusopsis PALIBIN is lon gitudinall y striated , Halymenidium SCHIMPER is obliq uely
ribbed or wrinkled, Planolites NI CHOLSON both lon gitudinall y and tra nsve rsa lly striated, and
Sabularia n. ichnogen. is smooth.

Tchnogenus Arthrophyc us HALL, 1852

Type ichnospecies: Arthrophycus alleghanicnsis H ARL EN (HA NTZSCHEL, 1962).

Arthropliycus annulatus n . ichn osp.
(pI. 1, figs 8-10)

Holotype : UJ TFI 22 (full burrow : pI. 1, fig. 10) and TF 123 (void burrow, pI. 1, fig. 8).
Type locality: Znamir owice on the river Dunajec.
Type horizon : Ciezkowice Sand stone, Lower Eocene.
Derivation of the flame : Lat. annulatus - ring-like; the burrow consists of ring-like segments.
Material : 12 specimens, including some slabs with numero us traces, also about a dozen occurre nces noted in the

field.

Diagnosis. - M ostly end ichnia l, cylind rical, rope-sized segmented , void or full burrow,
also ep ichnial full bu rr ow or furrow, mo re rarely hyp ichnial void or full burrow.

Description. - A fragment of a sa nd-filled cylind er , 10 cm long and about 1 cm wide, very
slightly curved , has been ta ke n for th e hol otype. Th e cross -section of the cylinder is circular
or oval. Its sur face is tran sver sall y carved by narro w grooves which divide the surfa ce of the
burrow into segments 2.0- 2.5 mm wide. Since the trace more often occurs as void tubes, the
description of the holotype is supplemented with th at of a void cyl inder. It s wall shows trans­
verse hollows left by segments of the burrow.

Most of the burrows are st ra ight, some are feebly bent. Br anching is rare and probably due
more to intersect ion or interpenetration th an to actua l branching. The burrow is apparently
very long, as in most specime ns no end ings have been found, In one instance or two the tube
ends in a larger hole. This type of trace occurs either singly or close to one another along the
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stratification plane (pI. I, fig. 8). Usually the traces occur parallel to internal horizontal partings
in the sandstone, but they may also traverse the bed obliquely.

The traces occurring in beds of the Upper Cretaceous age are somewhat thinner and most
often occur as ep ichnial horizontal shallow furrows, or as subhorizontal tubes near the upper
surface. ]n some specimens small oblong hollows are an anged in two rows occurring alternately
in the walls of the tube. The Cretaceous traces seem to occur rather solita i ily in contrast with
more gregarious Pal r.ecgene traces.

In one specimen (UJ TF 1689) there are rather ind ist inct short grooves on either side of
the endichnial tube. These may be traces made by par ap od ial appendages.

Remarks. - Our material resembles the trace described by HOWARD (J 966, p. 41, fig. 6)
as Arthrophycus with no spec ific name. The dimensions and ornamentation are identical. The
difference is that in our traces no bulge is visible at the branching points . This is probably due
to the fact that no true branching has been found in the Carpathian material.

As noted by HOWARD, there are difficulties in d istinguishing Arthrophycus from Ophio­
morpha. The separation of these two types may be based on differences in the structure of the
tube walls. In Arthrophycus the sculpture of the wall consists of elongate hollows corresponding
to the segments of the burrow, while in Ophiomorplia the wall is either lined with grains or
irregularly pitted (see below, Tubulichniumy.

Sediment. - Medium- to fine-grained, thin-bedded (up to 4 cm) sandstones.
Association. - The only company is Sabularia-type burrows, which , however, may also be

Arthrophycus with obliterated outer sculpture. In some cases Arthrophycus-like traces are
associated with Traucumichnis holes (pl, l , fig. 7).

Origin. - Post-depositional feeding burrow made either by a polychaete worm or by
eehinoids.

Occurrence. - Turonian-Middle Godula Beds: Kocierz, the hamlet Zakocierz. Seno­
nian-Inoceramian Beds: (frequent): Rzegocin, Kakolowka, Dubiecko, Kuzrnina, Krzywcza,
Bachow, Kalwaria Paclawska, Wola Romanowa, Makowa, Brzegi Dolne; Upper Godula Beds:
Kocierz; Lower lstebna Beds : Izdebnik, Czarnorzeki; Ropianka Beds: Sekowa, Owczary.
Palaeocene - Babica Clays: Lodzinka, Chmielnik; Upper Istebna Beds: Krzeszow, Kame­
sznica , stream Janoska; Szczawnica Beds: Haluszowa, Lower Eocene - Ciezkowice Sandstone
(locally frequent) : Znamirowice, Grodck, Dabrowka, Korczyna; Beloveza Beds : Lipnica Mala ,
Popowicc, Berest . Middle Eocene - Lacko Beds: Naszacowice, Myslec; Hieroglyphic Beds:
Osielec, Wola Krzywecka, Bircza, Zawadka.

A rthrophycus strictus n . ichnosp.
(pI. I, figs . 11, 12)

Holotype : UJ TF 131 (pl, 1, fig. 11).
Type locality : Rzyki near Wadowice.
Type horizon : Albian.
Derivation of the name: Lat . strictus - narrow, drawn togeth er; the burrow is very narrow.
Material : 4 slabs, each with numerous traces.

Diagnosis. - Hypichnial string-sized short straight full burrow with dense transverse
stri ation.

Description. - As the holotype a slab with at least twenty burrows has been taken. The
burrows are cylindrical or hemicylindrical, 5 to 6 cm long, 1.5 to 2.0 mm wide, straight or
only feebly curved, slightly protruding above the sole. The burrow described are associated
with short lenticular cylindrical bodies, 3-4 mm wide and only 14 mm long, also transversally
striated in the same manner as the longer burrows. The transversal striations are very dense,
with about 20 striae to each centimetre of the length. Some of the longer burrows branch at
an acute angle. The burrows densely cover the sole, crossing one another in a few places.
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It is not clear whether l he striation of the sur face is superficial o r relat ed to an inner seg­
mentation of the burrow.

Other specimens are similar to those described above. A somewha t different kind occurs
in the Ropianka Beds (pI. I , fig.. 12). These are cylindrical burrows, pointed at one end and
ro und at the other, about 2 cm long and 2·5 mm wide . Their str iation is more pronounced
than in the holotype. They tend to be radially arranged in a manner similar to that in Fasci­
sichniuni.

Remarks. - Our specimens are simil ar to A rthrophycus alleghaniensis (HARLAN), cf. HANTZ­
SCHEL, 1962, p . W 184, fig. I I I, 3, but are about three t imes thinner and do not show the median
groove seen in places in the American material.

Sediment. - Thin-bedded , fine-gr ain ed , horizontally laminated sandstones, 3-9 cm thick .
Origin. - The cylindrical sha pe ind icates a post-deposition al origin. It is open to quest ion

whether the superficial sculpture is due to peri staltic movements or to th e segmentat ion of the
producing animal. Most probably thi s is the feeding burrow of a pol ychaete worm.

Occurrence. - This is a rare ichnospecies. Alb ian - Lgota Beds: Rzyki near Wadowice.
Cenomanian - Lower G odula Beds : Tymowa. Senoni an - In oeeram ian Bed s : Huwniki ;
Ropianka Beds: Mszan a D oln a (the haml et Gl isne).

Arthrophyc ust Y) dzulytiskii n. ichn osp .
(pl. 1, figs 13, 14)

Ho lotyp e: UJ TF 177 (pl. 1. fig. 13).
Type locality : Debn a near San ok.
Type horizon: Krosno Beds , Oligocene.
Derivation of the name : in hon our of Professor S. D z ulYNSKI, who supplied the author with thi s trace.
Ma terial , 1 slab with a few specime ns .

Diagnosis. - Hypichnial cylindrical rope-sized full burrow, or hypichnial furrow. The
sculpture of full burrow con sists of tubercul ated tr an sversal narrow rib s slightly bent in one
d irecti on . The furrows are tran sversall y grooved.

Description. - Th e holot ype is 8 cm long. O ne end is broken off, th e ot her is provided with
an elliptica l kn ob , I cm long, with a round depression in the middle. Th e burrow is 10-11 mm
wide. The rib s, about I mm wide on th e crest of the cylind er , becom e th inner toward s the
borders. The rib s consist of elo nga ted tubercules, 4 to 6 in each riblets. The grooves between
the ribl et s are fairly deep .

Th e fur row form occur s on the sole of the same slab . Th e largest furrow is 5 cm long (one
cnd is broken off) and only 7 mm wide . Th e med ian part of the fur row consists of sha llow
oblong depression s separated from one ano ther by low subd ued ridges. The borders of the furrow
arc slightly elevated above th e sole. On e end of th e furr ow terminates in a round kn ob , de­
pressed in the centre, very similar in shape to th e kn ob of th e full bu rrow form.

Remarks. - The ass ignme nt of thi s type to Arthropliycus may be questionable. Th e straight
co urse of the burrow and its external sculpure are chat acteristic of th is ichnogenu s. If both
the forms of the burrow are pu t together for recon struction , it appears that th e sculpture pro­
duced by the burrowing an ima l on the ventral side was so mewha t d ifferent to th at on the dorsal
side. Differences bet ween th e ventral and dorsal side s are not appa rent in other rep resentat ives
of Arthrophyc us. Th e curvin g of the riblets in the full burrow is abse nt in other arthrophycids.
Th e terminal knobs of either form are similar to th ose of Clim actic/mites.

Sediment. - Thin-bedded (1.5 cm) , fine-gr ain ed, single-cur rent lam inated sandstones.
Origin. - This is clearly a post-depositional feeding burrow. It might have been produced

by an annelid , but the differences between the dorsal and ventra l sides seem to suggest another
pr oducer. The curving of the riblets (on the ventral side) may reflect the backfill action by the
expanding foot of a gastr op od (SEILACHER, 1955, GLAESSNER, 1969) while the structure of the
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dorsal side of the burrow may be due to undulatory movements of animal 's body as it burrowed
al ong the clay /sand interface . The animal burrowed partly in the sand clo se to the interface,
partly in the mud below the interface. In the former case it produced the full burrow form on
its vent ra l side, and in the latter the fu rrow form on its dorsal side.

Occurrence. - Oligocene - Krc sno Bed s : Debna.

Ichnogenus Fucusopsis PALIBIN, 1932

Type ichnospecies: Fucusopsis angulata P ALl BIN (H ANTz scHEL, 1962).

Remarks. - Here are grouped cylindrical stra ight full burrows lon gitud inall y striated.
Origin. - The cylindrical sha pe indicates th at the traces of this group are post-depositional.

The cylinders often ad here to the sole. In some specimens the se burrows clearly cut across
drag marks, in others they traverse a delicate ridge-and-furrow lineat ion (pI. 2, fig. 6). These
facts corroborate the view of post-depositional origin . It is difficult to say what kind of animal
produced thi s trace. It may be considered th at the sculpture of the burrow is an impression of
the external surface of th e tunnelling animal. Thi s might have been a worm of the priapulids
group, whose introvert is provided with longitudinal retractory mu scles and whose mouth is
encirled by a n armour of strong cuticular protuberances. Both the muscles and protuberances
during th e motion of the an ima l may scratch the wall s of the tunnel , a nd the counterparts
of th e scra tches may be formed on the surface of the burrow in the form of riblets and wrinkles,
more or less irregular and longitudinally arra nged . The animal WOI ked its way along the
clay/sand interface either almost continuously as in the case of Fucusopsis angulata and F. striata,
or by bolting as in F. annulata, changing its course slightly after each bolt. Actually, pri apulid s
move by bolting (SCHAFER , 1972). Recent pri apulids live in excavat ion s in mud and are common
in the shallow, cold waters of polar seas, but also occur at depths of 300-400 m, and even at
a depth of 4000 m the expedition of " Vit iaz'" found a form morphologically identical with the
common Priapulus caudatus (FAUVEL, 1959, ZENK EVICH, 1963).

Th e interpretati on present ed meets with one difficulty. Th e mud-burrowing pri apulids keep
their ca uda l term ination outside th e sediment for resp irat ion. Th erefor e some burrows tr a­
vers ing the sa nd layer should be connected with their occurrences, but in no case have they
been fou nd. It is possible, however , th at th e wate r-logged sed iment freshly brou ght from th e
sha llow-water zone by th e turbidity cur rent contain ed enough oxyge n.

Fucusopsis angulata PALlBl N, 1932
(pl, 2, fig. 5)

1932. Fucusopsis angulatus P ALlBl N , in VASSOEV ICIl , p . 51, pI. 2, fig~ 2, 6.
Mat erial : 8 slabs, most of them with gregarious traces, and a dozcn of field observat ions.

Description. These are hypichnial cylindrical full burrows, with hardly a ny terminati on s, lon g,
str a ight, 5-10 mm wide , co vered with wrinkles irregul arl y arranged length wise. The wr inkles are
thin ; there a re 3-5 wrinkles in one half of th e cross-sect ion of a burrow. Th ey are not co ntinuous
but break off at a short distance and are repl aced by other wrinkles, not nece ssaril y prolonga­
tion s. In add ition to longitudinal wrinkles th ere are tran sversal step-like breaks on the surface
of the burrow. Bifurcations of the burrows ar e very rare , and when th ey occur branch off at
a n acute angle (10-20°). The burrows normally covet the so le densely, but may also be solitary .
Level crossing and interpenetrations at va rious angles are common .

Remarks. - This form was rep orted by BIRKENMAJ ER (1959) from th e va riegated sha les
asso ciated with the Jarmuta Beds (Sen on ian ) in th e P ienin y zo ne. Thi s determination wa s
called in doubt by VIALOV (1966, p. 18, footnot e) and OSGOOD (1970, p . 380). What was shown
by BIRKENMAJ ER in pl. 22 may , howe ver , act ually be Fucusopsis angulata, altho ugh poorl y pre~
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served . It comes from beds in which thi s ichnospecies is plentiful. On th e othe r hand th e spe­
cimen shown by BIRKENMAJER in fig. I, p. 229 is certainly not a Fucusopsis . In the synonymy
BIRKENMAJER wrongly as signs the specimen illustrated by VASSOEVICH (1953 , fig. 14) to
Fucusopsis.

Sediment. - Thin-bedded (the thickest 6 cm), fine-grained , graded or hori zontally laminated
sa ndsto nes.

Association. - In one case Paleodictyon miocenicum; in mo st ca ses the burrows cover the
sole so densely that there is no room for other trace s.

Occurrence. - Cenornanian - Lower Godula Bed s: Rzyki near Wadowicc. Turonian ­
Middle Godula Bed s: Wi sniowa. Senonian - ]noceramian Beds (fa irly frequent , but tend s
to occur singly): Kakolowka, Lodyna, Krasice, Huwniki , Romanowa Wola ; Skrzydlna 'Beds:
Wierzbanowa , Skrzydlna ; Szydlowicc Beds: K obielnik (here very ab undant and gregarious
in some layers); Ropianka Beds : Krzeszow, Wierzbanowa, Polrzeczki, Wola Krogulcck a ; :
Jarmuta 'Beds: Jaworki, Szczawnica (numerous and gregarious in sandstone intercalations in
the red shales of the lower part of the Jat muta Beds); Sromowce Beds (rare and singl e): Sro­
mowce Wyzne. Palaeocene - Upper Istebna Bed s: K am esznica , th e st ream Janoska.

Fucusopsis annulata KSIJ\ZKIEWICZ, 1970
(pl , 2, figs 6, 7)

1970. Fucusopsis annulata ichnosp . n. , KSI"tZKIEWICZ, p. 286, fig. I r.

Holotyp e . UJ TF 1263 (pI. 2, fig. 6).
Type localit y: K am ionka Wielk a near Nowy Sacz .
Type horizon : uppermost pa rt of the Hieroglyphi c Beds (tra nsition to the Magura Sandstone), Middle Eocene or

poss ibly lower Upper Eocene.
Derivation of the name : Lat. - annulatus - ling-like; the burrow is t ransversa lly divided int o segments .
Material : 9 specimens and no less th an 10 localiti es in which this ichnos pecies has been noted .

Diagnosis. - Hypichnial cylindrical st ra ight or feebl y cu rved string-sized full burrow,
lon gitudinally densely st riated with numero us transverse br eak s. Onl y in rare cases bl anched ,
at a wide angle.

Description. - ]n the holotype the st ring, broken at either end , is 18 cm lon g. Its width
is 5 mm, but toward s on e end it becomes thinner. The he ight is 3 mm. The surface is densely
co vered with longitudinal str iat ions . There a rc 5 to 7 very thin ribl et s on the visible side of the
burrow, separated by sha llow grooves. The riblcts ere irregular in shape. ]n some parts of th e
burrow a very weak tran sversal st ria tion is a lso visible. The st ring is divided by transver se
narrow grooves into segme nts of unequal length . Some a re only 2-3 mm long, othe rs 10 mm
or even more. At the point of contact with th e t ran sver se grooves th e segments are so mewha t
swollen. At these tr an sver sal break s th e segments slight ly change th eir d irect ion . The st ring
ramifies at a fairly wide angle (70° 0 1 45°). The lateral branche s are short (1.5 cm , 3.0 cm ).

The length of thi s burrow must be considera b le, as only in a few cafe s have natural end ings
been found. The thickness of the st ring ranges from 0.5 to 6 mm. Rr m ificati ons are uncommon,
and numerous specime ns a re unbranchcd . Lateral branches as a rul e He short. This type occurs
singly only in rare cases. This is a gre gari ous burrow , but r.cvcr cover s the sole so densely a s
Fucusopsis angulata. In so me instances the st rings transect on e anot her on th e sa me level
(pI. 2, fig . 7).

Remarks. - The delicate str iation and the tran sver sal segmentat ion distinctly differentiat e
this ichnospecies from F. angulata ,

Sediment. - Fine-grained , thin-bedded (th e thickest 5 cm ), usuall y horizontall y laminat ed
sandstones, also marly siltstones,

Association. - In one ins tance with Paleodictyon carpathicum, in ano ther with Paleodictyon
niinutissimum. Cuts across a Protopaleodictyon submont anum network .
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Occurrence. - Palaeocene-Lower Eocene - Variegated Shales: Lipowe (in a few neigh­
bouring layers very frequent), Stara Wics . Lower Eocene - Ciezkowice Sandstone : Korczyna;
Beloveza Beds (fairly frequent): Zlatna , Zubrzyca Gorna, Sidzina, Tokarnia, Zbludza, Myslec,
Berest. Middle Eocene - Hieroglyphic Beds (frequent): Zawoja (the stream Koriskie) , Osielec,
Juszczyn (the hamlet Kozlownik) , Jordanow (the hamlet Munkacz), Tokarnia, Kamionka
Wielka, Polany, Hariczowa, Wysowa, Losie; Lacko Beds: Kamienica near Nowy SqCZ (in
marlstone). Upper Eocene - Magura Sandstone: Orawka (in thin-bedded intercalations),
Grzechynia, Berest, Polany, Klimkowka, Smrekowiec.

Fucusopsis striata (HALL, 1852)
(pI. 2, fig. 8)

1852. Palaeophycus'l striatus (n . sp.), HALL, p. 22, pl, 10, fig. la.

Mat erial : 2 specimens.

Description. - The better pre served specimen is hemicylindrical , straight, long (19 cm, no
endings), 12 mm wide and 3-4 mm high . The surface is densely covered with longitudinal ,
continuous delicate striae, spaced 0.5-1.0 mm from one another.

Remarks. - Our material seems to be identical to that illustrated by HALL (1852) who
tentatively assigned it to Pala eophycus, and also to the specimens of OSGOOD (1970, pI. 76,
figs 6-7) determined as Palaeophycus striatum HALL. The ichnogenus Palaeophycus is not
clearly defined and various types have been dumped together under this term. If the original
definition of HALL (1847, p . 7) were taken as the basis, the striated types should be excluded ,
for HALL defines Palaeophycus as stems with "surface nearly smooth". In the present paper
all simple, straight burrows with longitudinal striae are assigned to Fucusopsis.

Sediment. - Thin-bedded limestone.
Occurrence. - Berriasian . Cie szyn Limestone: Goleszow (main quarry).

Ichnogcnus Halymenidium SCHIMPER, 1879

Typ e ichnospecies: Halymenidium f/I'XaOSIIIIl (Fl scHER-OosTER) (H ANTZSCH EL, 1965).

Remarks. - As noted by HANTZSCHEL (1965), there is a morphological resemblance between
Halymenidium and Granularia. This resemblance, however, relates to the outward ornamentation
and not to the inner texture: the cylinders of Granularia consi st of pellets and grains (REIS,
1909) and their surface ornamentation reflect s the arrangement of the ccnstituents. In Haly­
menidium the surface ornamentation is independent of the inner filling, and , most probably,
is due to the surface ornamentation of the producing animal.

Origin. - FUCHS (I 895, p . 408) presumed that traces of this kind are fillings of tubes
inhabited by anneIids, like Terebella. The two Carpathian ichnospecies are obviously post­
depositional, as shown by their cylindrical form and relation to sedimentary structures, e.g. they
transect lineation. They might have been formed by worm-shaped animals who se bodies were
covered with tubercules or spines. When the animal drew its body forward in the sediment
by alternate contraction and extension, the tubercules or spines could have produced little
holes and streaks on the wall of the tunnel , which was subsequently filled with the material
processed by the animal. In this way the filling might receive an ornamentation consisting of
little ridges and tubercu les. What the animal was is open to question; perhaps it was one of
the holothurians or , more probably, of those ophiuroids and sipunculids which have bodies
covered with protuberances of various sorts .
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Halymenidium sublutnbricoides (AZPEITIA, 1933)
(pl. 3, figs I , 2)

1933. Halym enites sublumbricoides n. sp., AZ PEITIA , p. 56, pI. 18, fig. 32.
M aterial : 9 specimens.

Description. - For the most part hyp ichnial full burrows, seldom endichnial or epichnial. The
cylinders , usually long , are 10-13 mm thick. They are covered with short riblets, near the borders
of the string obl ique to the ax is of the cylinder and more distinct. Elsewhere the string is covered by
tiny tubercules scatt ered with no con sistent orientati on , or with tiny ridges forming an irregular
criss-cross pattern . In so me parts of the surface even th ese elements are lacking and the cylinder
is almost smooth. Onl y in one specimen is there an almost right-angled dichotomous branching .
The lateral branch is devoid of any sculpture. Th e burrow projects of a few mm in relation to
the underface, but may also be almost hidden abo ve it. It is a solitary trace.

Remarks. - The original type of AZPEITIA is thinner (5.5 to 7.8 mm) and its sculpture is
even less developed than in our material (AZPE ITIA write s that the sculpture is visible under
a magnifying glass , but at any rate it is noticeable in his figure). In those parts of the burrow
in which the ornamentation merely consists of irregularly scattered tubercules the trace is
similar to Halymenites rectus FISCH ER-OOSTER (1858, pl, 13). It seems th at the affi nity of these
two types is very close.

Sediment. - Fine-gr ained , thin-bedded (up to 5 cm) sandsto nes.
Association. - Fucusopsis annulata, Halymenidium oraviense, small Sabularia (probably

posteri or).
Occurrence. - Lower Eocene - Beloveza Beds: Lipnica Wielka , Lipnica Mala , Zubrzyca

G6rna, Zbludza. M iddle Eocene - Hieroglyphic Beds : Daliowa, Kom aricza ; Lacko Beds :
Kamienica near Nowy Sacz.

Halymenidium oraviense (KSII\ZKIEWICZ , 1961 )
(pI. 3, figs 3-4)

1961a. Halym enites oraviensis (n. f.), K Slp,Z KIEWI CZ , p. 884, pl. 2, fig. I.
Ho lotype : UJ TF 61 (pI. 3, fig. 4).
Type locality : Lipn ica M ala near Nowy Tar g (Orawa region),
Type horizon: Beloveza Beds, Lower Eocene.
Derivation of the name : found in the Orawa region .
M aterial: 23 specimens and a number of occurrences noted in the field.

Diagnosis. - Hypichnial , more rarely cndichnial or cpichnial string-sized full burrow, long ,
straight, seldom branching. Surface covered with distinct oblique riblets arranged in a plaited
design.

Description. - The holotype runs straight, it is 10 cm long (broken off at either end). Its
cylindrical form is somewhat dorso-ventrally flattened. The width of the cylinder is 1 cm.
The ornamentation consi sts of riblets, 0.5 to 0.7 mm thick, sepa rated by slightly wider grooves.
The riblets may be somewhat wavy or straight , thei r width and height are vari able. They 1un
obliquely to the axis of the burrow, and in the median zone of the cylinder they transect one
another, or without a break pass to the other side of th e cylinder, most commonly changing
their direction, but some riblets pass to the other flank undeflected.

Other specimen are very much the same. The cylinders range up to 12 mm in width, which
on the average is about 8-10 mm . Some, presum abl y juvenile forms, are very thin. On the
specimens that could be disengaged from the host rock it may be seen that the sculpture on the
dorsal side of the burrow is the same as on the lower (ventral) side, but less distinctly developed
or preserved . Branching is rare. The lateral branches a re short (a few cm) , thinner and at right
angles to the main stem. Th ey exhibit a different pattern of sculpture (pI. 3, fig. 3). The riblets
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are oblique in resp ect to the axis of the bu rr ow at a sma ller angle, so that they are almost
longitudinal. The origin of the lateral br anches is not clear. The animal, as many "worms" do ,
might burrow laterally and afterwa rds withdraw (NATHORST, 1889), and when proceeding in
the pre vious, ma in direct ion , fill the lateral as well as the main gallery with the material excreted .
But in thi s case the d ifference in sculpture is inexplicable. It may well be that in the filling left
behind in the main ga llery the anima l also left some eggs, and the young animals burrowed
laterally.

Essenti ally, this is a hypichnial burrow, but there are specimens in which the sole burrow
enters the sandstone layer , tr averses it obliquely and eventually follows the sandstone/a rgill ite
interface. In thi s way it penetrates very thin (3-4 cm) sandstone layers.

Thi s burrow is rather solita ry, the soles a re never crowded with it. In very rare instances
one burrow intersects an other.

Remarks. - This type is differentiated from H. sublumbricoides by its much more distinct
and more regular sculpture.

Sediment. - Thin-bedded (up to 4 cm) , fine-grained sandstones, mo stly horizontally lami ­
nated. M ay also occur in coarser sandsto nes (grain diameter up to 0·4 mm).

Association. - Cosmorliaphe fuchsi. Intersected by Sabularia simplex.
Occurrence. - Berriasian - Cieszyn Lime stone: G odziszow, Mt. Chelm (a thin, not very

typical burrow). Palaeocene-Lower Eocen e - Varie gated Shales: Polrzeczki , Mordarka. Lower
Eocene - Beloveza Beds (locally fairly frequent ): Zlatna, Lipnica Wielka , Lipnica Mala ,
Zubrzyca Gorna , Zubrzyca D olna, Sidzina , Letownia G orna.

Ichn ogenus Keckia GLOCKER , 1841
Type ichnospecies: Keckia annulata G LOCK ER ( H ANTZSCHEL, 1962)

Remarks. - To this ichn ogenu s, not very clearly defined , are assigned cylindrical full
burrows with chevron-like sur face sculpture. According to HANTZSCHEL (1965) tunnels packed
by back ward pressing ("Sto pfung") of reworked mat erial a re included here. Thi s sort of filling
may be due to the contract ion and expa nsion of th e animal's body during peristaltic movements.
Th is seems to suggest tha t the polychaete worms were the most probable pr oducers.

Keckia annulata GLOCK ER, 1841
(pl , 3, fig . 14)

1841. Keckia annulata, G LOC KER, p, 319, pI. 4.
Mat erial: 5 specimens.

Description. - Here a re assigned hypichnial cylindrical straight full burrows with chevron-like
surface sculpture. The specimen illustrated is a long burrow 4 to 5 mm wide and 3-4 mm high. It
consists of arcuate, uniformly bent segments, each 1.0-1.5 mm long, separ ated by very narrow
and shallow grooves.

In the specimens from the Lower Cretaceous the segments are on the whole smaller, similar
to those collected from th e G odula Beds, which are 3 mm wide. In one specimen (Kornaricza,
DJ TF 1198) the surface of the cylinder is smooth, but the inside shows crcscentic segmentat ion .

Remarks. - In contrast to the figure of GLOCKER no branching ha s been observed, although
level crossing exists. This trace is similar to th at described by HOWARD (1966, p. 4\ , fig.4) as a "che­
vron trail ". HOWARO'S form is three times larger than our specimens, and it occurs as an epichnial
ridge. A simil ar type was described by SCHAFHAUTL (\851) as Muen steria annulata , considered
by HANTZSCHEL (1938) to be syno nymous with GLOCKER'S ichnospecies.

Sediment. - Thin-bedded (up to 4 cm), fine-grained sands tones with composite or hori­
zontally laminated bedding .

Occurrence. - H auterivjan - Grodzi szcze Bed s: Raciechowice. Barremian - Verovice
Shal es : Lipnik near M yslenice, Wisniowa . Cenomanian - Lower Godula Beds: Ponikiew.
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Turonian - M iddle G odula Bed s : Targoszow, Bicsn ik (Keck ia was reported from the Godula
Beds by HOHENEGGER , 1861). Senonian - Inoceram ian Beds: Dubieck o (here horizontal
endichnial burrow), Rzegocin , M ak owa; Upper G odula Bed s: Mucharz, the stream Jamnicki ;
Ropianka Bed s: Slernieri, Skwirtne. Palaeocene - Upper Istcbna Beds: Targoszow, Taba­
szowa; Szczawnica Beds : Kr oscienko on the river Dunajec. M iddle Eocene - H ierogl yphic
Beds : Istebna , Rajcza, D al iowa, Kornaricza.

Keckia hoessii (STERNBERG, 1833)
(pl, 3, figs IS, 16)

1858. Miinsteria Hoessii SrERNIl ., F lSCHER- OOSTER . p. 38, pl, 7, fig. 3, pl, 6, fig. 4.
M aterial : 7 specimens.

Description. - Lon g, more or less st ra ight cylind ers, elliptical in cross-section, about
10 mm wide, 5 mm thick. They usu all y occur in the epichnial position , in some instances just
below the upper surface. Very often gregariou s. Specimen illustr ated on pl. 3, fig. 15 represents
a somewhat different type, hyp ichnial , of sma ller size, consisting of bent lamellae, 0.3-0.4 mm
thick , alternating in colour, grey and black , the former of fine-grained sa ndstone, the latter
of carbonaceous matter.

Remarks. - FISCH ER-OOSTER assigned thi s type to Miinst eria, in which he di stinguished
the "s ubgenus" Keckia.

Sediment. - Pell etal limestones, fine-grained or medium-grained sa ndsto nes.
Occurrence. - Berriasian - Cieszyn Limestone: Ja worze . Valanginian - Upper Cie szyn

Shales: G orzeri G 6rny. H auterivian - . Grodziszcze Beds : Poznachowice (here ver y frequent) ,
Zeg ocina . Barremian - Verovice Shal es: Lipnik near My slen ice. Sen oni an - Inoceramian
Bed s : K alwaria Paclawska ; Lower Istebna Beds (fucoi da l marl s int erbed) : Czarn orzeki. Ro­
pianka Beds: Lubomierz ; Liman owa , the haml et M ar ciszow. Middle Eocene -- Hieroglyphic
Beds: D arow , Dali owa (endi chnia l), D obra.

Ichnogenus Planolites NI CHOLSON, 1873

Type ichnospecies: ?P1'lfIolites vulgaris Nic not.sox & HI NDE ( HANTZS CHEL, 1965).

Remarks. - Thi s is a ver y poorly defined ichnogenus, as noted by CHAMBERLAIN ( 1971a) ,
and its type "species" ha s not been illu strat ed. Its sepa rat io n from Palaeophy cus, another
vaguely defined ichnogenus, also presents difficulties (OSGOOD, 1970) . According to the last
named author the morphology of Planolites and Palaeophycus is very similar; both are "cy­
lindrical , irregular, unbranched , and penetrate obliquely through the st rata" .

The most detailed description of a trace assigned to PIanolites is given by REINECK (1955) .
Hi s P. rugulosus is a cylindrical bod y, about I cm in diameter , with its su rface marked by
annulations and lon gitudinal striae. This type of ext ernal sculpture give s a corrugated
("feinrunzelig") appearance to the surface. There is no branching in thi s type. As one type
assigned to PIanolites was named "corrugatus" (WALCOTT, 1899), it seems that unbranched
cylindrical burrows with a corrugated surface may be taken as the type of PIano lites and
P. rugulosus R EINECK as th e type ichnospecies for thi s ichnogenus.

PIanolites reinecki n. ichnos p.
(pI. 2, fig. 9)

Holotype: VJ TF 1015 (pI. 2, fig. 9).
Type locality : Wola Brzezinska near No w)' S'ICZ.
Type horizon: Ropianka Beds, Senonian .
Derivation of the name : in hon our of Pr ofessor H. E. R El l' ECK (Wilhelmshaven, W German y).
Material : 5 specimens.
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Diagnosis. - Hypichnial cylindrical rope-sized full burrow, with the surface covered by
densely spaced transversal striae and longitudinal, irregular wrinkles, also densely spaced.

Description. - The holotype is represented by a cylinder 5.5 cm long and 11 mm in diameter.
One end is broken off. The burrow is slightly curved, but this is due mainly to a fracture in the
host rock. It lies somewhat obliquely to the underface, so that at one end it stands high 6 mm
in relation to the sole, and at the other end it is apparently pointed, because it enters the sand­
stone above the sole. The transverse striation -is very dense: there are 12-14 delicate transverse
grooves per 1 cm of the length. The longitudinal wrinkles are also densely spaced. They are
somewhat wavy and not strictly parallel to the axis of the burrow.

On the same sole of the slab as the holotype there is another cylinder of identical shape,
dimensions and sculpture. In other specimens the transversal striation is feebly marked. In
one specimen two burrows of this type adhere to the sole; they overlap, but do not penetrate
one another.

Sediment. - Fine-grained, thin-bedded sandstone (up to 4 cm) with composite bedding.
Origin. - Evidently a post-depositional feeding burrow. The nature of the sculpture sug­

gests a priapulid rather than a polychaete worm.
Occurrence. - This is a very rare type. Senonian - Skrzydlna Beds: Przenosza; Ropianka

Beds: Wola Brzeziriska, Skwirtne.

Ichnogenus Rhabdoglyphus VASSOEVICH, 1951

Type ichnospecies : Rhabdoglyphus grossheimi VASSOEVICH (HANTZSCHEL, 1962).

Remarks. - FUCHS (1895, p. 391) used the term "Rhabdoglyphus" for segmented biogenic
structures. It follows from his description that he had different types in mind. Taking as the
model Rhabdoglyphus grossheimi VASSOEVICH (illustrated but not described by him) all short
articulated rods consisting of uniformly shaped and relatively large limbs may be grouped as
Rhabdoglyphus. Their classification is based on the shape of the limbs. In the Carpathian flysch
the representatives of this ichnogenus, although diversified, are very rare.

Origin.- All types are post-depositional, as evidenced by the commonly preserved cylin-
. drical shape and the relation to the sedimentary structures. They may intersect sole lineation

(pI. 3, fig. 12) or drag marks (pI. 3, fig. 10). It is particularly difficult to assign an originator
to this type of trace. According to Boucsx and ELIAS (1962), the trace they assigned to Rh.
grossheimi (in all likelihood wrongly, see KSIJ\ZKIEWICZ, 1970 and VIALOV, 1971, but at any
rate to a related kind) may be due to the activity of a gastropod, amphipod or to a holothurian.
According to OSGOOD (1970) the swellings represent periodic (peristaltic) anal constrictions
and expansions. This might have been a polychaete worm, advancing by bolting.

Rhabdoglyphus grossheimi VASSOEVICH, 1951
(pl, 3, fig. 5; text-fig. 6a)

1951. Rhabdoglyphus grossheiml, n. sp., VASSOEVI CH, p, 61, pl. 5, fig. 4 (no description).
Material: 1 specimen.

Description. - Hypichnial short (5 cm) rod, straight, consisting of seven limbs, 5-7 mm long.
Each limb is spicate in shape: at one end it is 8-11 mm wide but tapers toward the base, where
it is only 2 mm wide; the larger part bifurcates into two lateral, thorn-like appendages, slightly
curved towards the base of the limb.

Remarks. - Our specimen corresponds well with the figure given by VASSOEVICH, only the
lateral thorns are larger and more markedly bent.

Sediment. - Fine-grained, thin-bedded sandstone (5 cm).
Occurrence. - Cenomanian - Lower Godula Beds: Jaroszowice.

5 - P ala eo ntol ogia Polonica N o . 31
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Rhabdoglyphus spinosus n. ichnosp,
(pI. 3, figs 7, 8, 13; text-fig. 6b)

Holotype: UJ TF 1175 (pl. 3, fig. 7).
Type locality : Wierzbanowa near M yslenice,
Type horizon: Skrzydlna Beds, Senonian.
Derivation of the name: Lat . spinosus - prov ided with spines; the rod has thorn-like appendages.
Material : 4 specimens.

Diagnosis. - Hypichnial full burrow. The rod is short, straight and swollen at regular
intervals into round protuberances pr ovided with thorn -Iike appendages,

The specimen taken for the hol etype is 6 cm long (one end broken off) and 3 mm wide
between the protuberances, which are 4-5 mm wide . They have an elliptical or almost circular
outline. Some of them are flattened at one end . The appendages are of variable length; the
longest is 10 mm. Each protuberance has one appendix. The appendages occur alternately on
one side or the other. They are slightly curved.

c
e

d

Fig. 6
Types of articulation in Rhabdoglyphus (diagrammatically) ; 0. Rhabdoglyphus grossheimi VASSOEVICH (cf. pl, 3, fig. 5);
~ Rh. spinosus n. ichnosp. (cf. pl, 3, fig. 7) ; @ Rh. caliciformis n. ichnosp. (cf. pI. 3, fig. 11); 0 Rh. aff, caliciformis
n. ichnosp. (cf. pI. 3, fig. 17); El Rh. compositus n, ichnosp. (cf. pl, 3, fig. 10); ill Rh. sulcatus n. ichnosp. (cf. pl, 3, fig. 9).

All figures x 1

An other specimen (pI. 3, fig. 8) is complete. The rod is 5 cm long and only 1.0-1.5 mm wide.
The protuberances are less pronounced , but also arranged at regular intervals and provided
with short spines, also arranged alternately on either side. Some of the lateral spines are not
directly linked with the protuberances. In the specimen in pI. 3, fig. 13 the protuberances are
elongated, th e lateral thorns long and markedly curved. It is possible that this specimen repre­
sents another, although closely related , ichnospecies.

Sediment. - The holotype occurs on the sole of a sandstone 7 cm thick, others on very
fine-grained and thin-bedded sandstones.

Occurrence. - Cenomanian - Lower Godula Beds: Wisla. Senoni an - Skrzydlna Beds:
Wierzb anowa ; Ropianka Beds: Mszana D olna, Limanowa.

Rhabdoglyphus caliciformis n. ichnosp.
(pI. 3, figs 6, 11; text-fig. 6c, d)

1970. Rhabdoglyphus ichnosp. a (pro parte), KSIJ\ZKIEWI CZ , p. 385, figs 1h, i.
Holotype: UJ 182 TF (pI. 3, fig. 11).
Type locality : Godziszow near Cieszyn.
Type horizon: Cieszyn Limestone, Berriasian .
Derivation of the name: Lat. calix - calix; the cup-shaped limbs of which the rod consists.
Mat erial : 5 specimens.
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Diagnosis. - H ypichnial cylindrical short stra ight rod cons isting of uniformly shaped
cal icular limb s.

For the holotype has been chosen the largest (altho ugh brok en) tr ace, about 30 mm long.
It consists of four calicular limbs, each 5 mm long, 3 mm wide at the base of th e limb and
5 mm at the upper rim. These limb s arc connected by narrow links, each 2-3 mm long, less
protuberant in relat ion to the sole th an the calicular limb s.

Another specimen (pI. 3, fig. 12) is 20 mm long and only 2-3 mm wide. The links between
the calix-shaped limb s are longer th an in the holotype. Th e terminal limb is bulbous in shape.
A small specimen in pI. 3, fig. 6 may also be assigned here. The upper rim is more concave
and th e rod is slightly bent.

Th e specimen illustrated in pi. 3, fig. 17 is considered to have affinity with thi s ichnospecies.
It is much bigger, th e cal icular elements a re less regular and the intervening links longer. The
terminating limb has also a bulbous shape . On the contrary to oth er specimens this is an
epichnial full burrow. Th e elongated intermediate links between the swollen limbs are similar
to those in Fustiglyplius annulatus VIALOV (1971, p. 90, fig. 3 = Rhabdoglyphus grossheimi
BOUCEK& EL/AS, 1962). It is possible th at our specimen represents an intermediate type between
Rhabdoglyphus and Fustig lypltus. The tr ace det ermined by F. SIMPSON (1970, pi. 10, fig. 5)
as Rhabdoglyphus VASSOEVICH prob abl y should be assigned to Fustiglyphus VIALOV.

Remarks. - Rh. caliciformis differs from Rh. grossheim i and Rh. spinosus in the different
shape of the limb s and th e absence of lateral appendage s.

Sediment. - Horizontally lam inated limestones, 7·5 cm thick, or sandsto nes of similar
thickness. In onc specimen the filling materia l is somewh at coarser than th e host rock.

Occurrence. - Berr iasian - Cieszyn Limestone: Goleszow, main quarry, Godziszow, Mt.
Chelm. Senonian Ropian ka Beds: Wola Krogulecka . Mid dle Eocene - H ieroglyphic Beds:
D obra.

R habdo glyplius sulcatus n. ichnosp.
(pI. 3, fig. 9; text-fig. 6e)

1970. Rhabdoglyphus ichnosp. a (pro parte), K SI"tZ KIEWI CZ , p. 285, fig. l k.
Holo type: UJ TF 180 (pl, 3, fig. 9).
Typ e locality: Mszana Dolna.
Typ e horizon: R opianka Beds, Scnonian.
Derivation of the name: Lat . SlllCIIS - groov e; sulca ted rod .
Material: 3 specimens.

Diagnosis. - Hypichnial cylindrical rod-shaped full burrow, divided by transverse grooves
into segments with round edges.

Description. - The holotype is represented py a hemicylindrical rod , 45 mm long, 7-9 mm
wide, 3 mm high. One end of the rod is broken. The rod is divided by fairly deep transverse
grooves into segments 3-4 mm long. Towards th e preserved end the segments become narrower,
while near the other th e furrows are on ly slightly marked and the burro w seems to pass into
a cylindrica l smooth stem.

Remarks. ..-:. Th is form is to a cert ain exten t similar to th e " Rhabdoglyphus" figured by
FUCHS (1895, pi. 4, fig. 4, the upper part of th e- figure).

Sediment. - Fine-gra ined, thin-bedd ed limestones or sandsto nes.
Occurrence. - Berr iasian - Cieszyn Limestone: Godziszow, Mt. Chelm. Senonian­

Ropianka Beds: Mszana Dolna, the ha mlet Gl isne.

Rhabdoglyphus comp ositus n. iehn osp.
(pl, 3, fig. 10; text-fig. 6f)

1970. Rhabdoglypluts ichn osp . a (pro parte) , KsIJ\ZK IEW ICZ , p. 285, fig. Ij .
Holotype: U1 TF 179 (pI. 3, fig. 10).

s-
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Type locality: Tabaszowa near Nowy Sacz.
Type horizon: Upper Istebna Beds, Palaeocene.
Derivation of the name: Lat. compositus - composite; the rod is composed of annular limbs.
Material: 3 specimens.

Diagnosis. - Hypichnial rod-like burrow composed of roundish segments with no inter­
vening elements.

Description. - The holotype is 3 cm long, 2 mm wide and 0·5 mm high. It is feebly curved.
The rod is divided by transversal shallow constrictions into swollen segments of identical
calicular shape, each 2 mm long. The segments, nine in number, touch one another, with no
links between them. The terminations of the rod are different: at one end there is a straight
supporting stem, at the other the last segment is longer (4 mm) and somewhat rounded.

Remarks. - This type differs from other Rhabdoglyphs in the absence of lateral spines and
absence of links between the swollen elements; from Rh. sulcatus in shape of the limbs.

Sediment. - Thin-bedded, fine-grained, horizontally laminated sandstone.
Occurrence. - Senonian - Upper Godula Beds: Mucharz, the Jamnicki stream; Ropianka

Beds: Lipnica Mala, the Zosiak clearing. Palaeocene - Upper Istebna Beds: Tabaszowa.

Ichnogenus Sabularia n. ichnogen.

Type ichnospecies: Sabularia simplex n. ichnosp.
Derivation of the name: Lat. sabulum - sand; the burrows fille(with sand.

Diagnosis. - Horizontal, oblique or vertical, cylindrical full burrows, straight or feebly
curved, only rarely ramified.

Remarks. - Outwardly the burrows assigned here are similar to Granularia POMEL, which
also includes straight, sometimes curved cylinders (HANTZSCHEL, 1962), but these are filled
with clay particles and pellets, while the cylinders now assigned to Sabularia are sand-filled.
The clay pellets in Granularia are arranged, according to REIS (1909) at right angles to the
axis of the burrow. The similarity in morphology and the not very clear definition of Granularia
caused the straight sand-filled tubes, without surface ornamentation, to be also assigned to
Granularia (KSIJiZKIEWICZ, 1970). It should also be added that none of the two specimens
taken by HANTZSCHEL (1962, fig. 123, 1, 5) corresponds with the discussed trace. The differences
in the filling material and the manner of occurrence (Granularia occurs in limestones and marls,
Sabularia in sandstones), and also some differences (as shown below) in the manner of packing,
justify the grouping of the types discussed in a separate ichnogenus.

The types assigned here have often been determined as Cylindrites. Since various materials
have been treated under this term, used originally for some algae and not clearly defined, it
seems that it should be dropped altogether.

Origin.- All sabularias, as indicated by their cylindrical shape, are post-depositional,
presumably produced by a worm-shaped animal. The filling material is often coarser than the
host rock. The animal must have been indiscriminate in using material for food. Polychaetes
are known for this peculiarity, unselectively ingesting the whole sediment. In some specimens
cut along the axis of the burrow some traces of backfilling are discernible (text-fig. 9e). The
backfilling, unlike that in Keckia, did not influence the surface morphology of the burrow.
In most cases the filling consists of disorderly packed grains; if the burrow intersects a sole
with grain lineation, there is a marked contrast between the fabric of the burrow filling and
the host rock.

Sabularia simplex n. ichnosp.
(pI. 2, fig. 2; text-fig. ge)

Holotype: UJ TF 1477 (pI. 2, fig. 2).
Type locality: Berest near Grybow,
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Type horizon: Bcloveza Beds, Lower Eocene.
Derivation of the name: Lat. simplex - simple; simple nature of the trace.
Mate rial: 16 slabs and at least 50 occurrences noted in the fieid.
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Diagnosis. - Hypichnial, more rarely endichnial , epichnial or exichnial , string-sized cylin­
drical full burrow, long, more or less straight, with smooth surface.

Description. - The holotype is represented by horizontal, cylindrical, long, with neither
beginning nor end , burrow, 4 mm wide, 1 mm high , slightly curved. There is no ramification,
but the cylinders cross one another.

There is little variability in this ichnospecies. The largest specimen is 10 mm wide, the
smallest 2 mm. Branching, extremely rare , occurs at an acute angle if at all. In some specimens
there occur some knob-like swellings, spaced at irregular intervals (text-fig. 9f). Usually the
burrows keep their direct course for long distances (some metres), but in some instances they
change it abruptly (text-fig. 26j). This is essentially a horizontal burrow, but in a few cases
vertical cylinders of the same size and shape traverse vertically a sandstone bed a few centi­
metres thick. In one case (Znamirowice, Ciezkowice Sandstone) a horizontal burrow penetrates
vertically a sandstone bed 6 cm thick. Such behaviour seems to be exceptional. This trace
tends to occur gregariously, with much intersection and interpenetration, but may also occur
singly.

Remarks.:'- There is a resemblance to "Palaeophycus" simplex HALL (1847, p. 63, pI. 22,
fig. 1), to which belong cylindrical stems, somewhat wider than the type discussed, also with
a smooth surface but often provided with a longitudinal groove on one side. This feature is
entirely lacking in our material. HALL'S type was assigned to Cylindrites'l by WILCKENS (1947).
Traces of this type from the Carpathian f1ysch were casually reported as Cylindrites (KSIJ\ZKIE­
WICZ, 1966, F. SIMPSON, 1967).

Sediment. - Thin-bedded (up to 25 cm), fine-grained sandstones, graded or laminated,
also on top surfaces of sandstones of various thickness.

Association. - If occurs with other traces, intersects them tDesmograpton , Paleodictyon,
Chondrites, Subphyllochorda etc.) .

Occurrence. - Occurs in almost all stratigraphic unit s, but is particularly abundant in
Senonian Sromowce Beds and in the Middle Eocene Hieroglyphic Beds.

Berriasian - Cieszyn Limestone: Kamienica near Bielsko. Valanginian - Upper Cieszyn
Shales: Trzemesnia, Hauterivian - Grodziszcze Beds: Wisniowa, Zegocina (also epichnial),
Brzyska. Albien - Lgota Beds: Kaczyna, Bystre. Ccnomanian - Lower Godula Beds: Ustrori
(the hamlet Poniwiec), Rzyki near Wadowice, Biesnik. Turonian - Middle Godula Beds:
Kocierz, Rzyki near Wadowice, Ponikiew, Czch6w, Biesnik , the stream Palesnica; Siliceous
Marls: Szczepanowice, Rybotycze, Huwniki (horizontal and vertical burrows). Senonian­
Inoceramian Beds: Rzegocin , Kakolowka, Krasice, Dubiecko (the hamlet Utrata), Romanowa
Wola; Gorzeri Beds: Gorzeri Dolny, Gorzeri G6rny, Wierzbanowa; Lower Istebna Beds:
Czarnorzeki; Ropianka Beds: Lipnica Mala, Zaryte, Lubomierz, Szczawa, Wola Krogulecka,
Siary, Skwirtne; Sromowce Beds (very frequent): Szaflary , Sromowce Wyzne , Sromowce Nizne,
Niedzica, Jaworki (the stream Biala Woda, and the stream Skalski). Palaeocene - Upper
Istebna Beds: Krzeszow, Czarnorzeki. Palaeocene-Lower Eocene - Variegated Shales: Brzeina
(also epichnial); Szczawnica Beds: Kroscienko on the river Dunajec, Grywald (also endichnial),
Haluszowa. Lower Eocene - Ciezkowice Sandstone: Ciezkowice (horizontal and vertical);
Beloveza Beds: Zlatna ; Lipnica WieIka, Zubrzyca Gorna, Sidzina, Tokarnia, Lubomierz,
Zbludza, Nawojowa, Popowice, Myslec, Berest. Middle Eocene - Hieroglyphic Beds (very
frequent): Istebna, Kamesznica (the stream Janoska), Milowka, Rajcza, Dabrowka, Zawoja
(the stream Koriskie and other places), Sidzina , Letownia G6rna, Jordan6w (the hamlet Mun­
kacz), Stara Wies, Zalesie, Brzeina, Polany, Hariczowa, Wysowa, Daliowa, Darow, Zubracze,
Liszna, Wola Krzywecka, Dobra; Lacko Beds: Kamienica near Nowy Sacz, Naszacowice
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M yslec, Upper Eocene - M agura Sandstone: Ujso ly, Zawoja, Kamion ka Wielka, Tylmano wa ,
Zegiestow (on the lower and on the upper sur face , a lso endichnia l but close to the upper surface) ,
Berest , Bed narka, Smrekow iec. Oli gocene - Kro sno Beds : Slemieri, Katy , D ebna, Wetl ina.

Sabularia rudis n. ichnosp .
(pI., 2 fig. 4 ; text-fig . 7)

Holotype: UJ T F 128 (text-fig . 7).
Type locality : Gr6dek nea r Nowy Sqcz.
Type horizon : Ciezkowice Sandstone, Lower Eocc nc.
Derivation of the name: Lat. rudis - rough; usua lly rou gh surface of the burrow.
Material: 16 spec imens and ma ny field observat ion s.

Diagnosis. - Endichnial , more rarely hypichn ial , exichnial and epichnia l, rope-sized cylin­
drical full burrow. Horizontal , a lso tr an sverse.

Fig. 7
A fragment of Sabularia rudis n. ichn osp, Gr6dek, Ci~i~owice Sandston e. UJ T F-128. x 0.5

Descript ion. - The specimen taken for th e holot ype presents a long, without beginning
or en d, thick (2.5 cm) cylinder, almost stra ight, circul ar in cross-section , filled with coarse
sa nd (grains up to 5 mm). It is hyp ichni al , par allel to the bedding. Th e filling material is of the
same grain-size as th at of the host rock.

A grea t variety of types has b een lumped together under the proposed term. Thick cylinde rs,
vertical , oblique or subho rizo ntal, are no t un com mon in coarse-gra ined sa nds tones. Th ey may
traverse layer s 1.2 m th ick . The filling material is of the sa me grade as th e enclosing rock ,
b ut frequently is much coar ser. In a few ca ses (Pasierb iec Sandston e, Osielec) the grains are
arranged with their longer axes parall el to each othe r and at r ight angles to the axis of the
burrow. No obvious d istortion of the fab ric in th e enclos ing rock in the proximity of the
burrows has been noted .

T o this ichnospecie s have been ass igned heap s of th ick (2- 3 cm) an d usually short cylindrical
bur rows, penetrating and overlapp ing each other (pI. 2, fig. 4). The heaps ad he re to .the sole
of sandstones; they may be several cent ime tres h igh , an d built of coarser mat erial than the
adhering sandstone. M an y of the cylinder end ings are obtuse.

Sediment. - Sandstones, mainly coarse and thick-bedded .
Association. - Arthrophycus.
Occurrence. - Tithonian - Lower Cieszyn Shales : Bazanowice, Gumnu. Berri asian ­

Cieszyn Limestone : K amienna near Bielsko. Valan ginian - U pper Cieszy n S hales : T rze ­
mesn ia. Hauterivian - Grodzi szcze . Bed s: R aciechowice, Poznachowice (on either sur face,
some layers are fu ll of this trace), Brzyska. Turonian - Siliceous M arls : Huwniki. Senonian ­
Inocera mian Beds: Wolodz ; Lower Isteb na Beds : Istebna , Bedzieszyna , Kobyle near Jaslo ,
Czarnorzeki ; Skrzydlna Beds: Przenosza ; R opianka Beds: Jaworzynka , Limanowa , the hamlet
Marciszow (he ap form common). Lower Eocene - Ciezkowicc Sand stone (locall y frequent):
Z namirowice, Grodek, Ostrusza . M iddle Eocene - Pasierb iec Sand stone: O sielec; Hi er oglyphic
Beds : D arow, K om aricza (heap form frequent) ; Lacko Beds: N aszacowice. Upper Eocene ­
M agura Sandstone : Rzyki near Limanowa , Piwniczna, Zcgiestow,
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Sabularia tenuis n, ichnosp.,
(pI. 2, fig. 3)

Holotype : VJ TF 1687 (pI. 2, fig. 3).
Type locality: Wujskie near Lesko.
Type horizon: Krosno Beds Oligocene.
Derivation of the name : Lat. tenuis - th in.
M aterial: 7 slabs and many occurrences not ed in the field.
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Diagnosis. - Hypichnial , more rarely end ichnial thread- sized shor t, straight full burrow.
Description. - In the holotype the burrows are 0.5-0.7 mm wide , 10-40 mm long and

about 0.5 mm high. The surface is smooth, but on some burrows a very delicate transverse
striation may be seen. On e end of the burrows, which for the most part are hemicylindrical,
is usually pointed, the other obtuse, but some have both ends pointed. There are not true
ramifications, but level cr-ossing is common. This is a gregarious trace.

In some specimens the burrows are slightly thicker (up to I mm). They are always straight ,
but occasionally they change course at an angle.

Sediment. - Fine-grained, thin-bedded (a few cm) sandstones, usually horizontally or single­
current laminated.

Association. - As the tr ace occurs gregariously there is no room for other traces. In one
case it is posterior to a Buthotrephis.

Occurrence. - This trace occurs in most of the members of the Carpathian flysch , but
abounds in a few sandstones while most other sandstone layers at e devoid of it. It is particularly
frequent in the follo wing hori zons:

Valanginian - Upper Cieszyn Shales: e.g. Jaroszowice. Hauterivian - Gi odziszcze Beds:
Wisniowa, Poznachowice (endichnial). Cenomanian - Lower Godula Beds: Ponikiew, Jaro­
szowice, Rzyki near Wadowice. Turonian - Siliceous Marls, Rybotycze, Huwnik i; Middle
Godula Beds: Czchow, Senonian - Inoceramian Beds: Rzegocin, K akolowka, Lodzinka,
Kuzmina , Krasice, K alwari a Paclawska ; Upper Godula Beds: Okrajnik, Lakta ; Ropianka
Beds: Lipnica M ala (the stream Linorka), Wierzbanowa, Siary. Middle Eocene - Hieroglyphic
Beds: Wysowa, D ai o w. Oligocene - Krosno Beds (here seems to be locally particularly
frequent): Brzyska , Mymori, Wuj skie , Brzozowiec, Szczawne, Zwierzyri (colI. W. SZAJNOCHA),
Wetlina, Dzwiniacz D oln y, also Serednie Wielkie near Srnok, a good illustration in ZUBER ,

1918, fig. 3.

Sabularia ramosa n. ichnosp.
(text-figs 8, 9a-d)

Holotype: VJ TF 842 (text-fig. 8).
Type locality : Besko near Krosno .
Type horizon: Krosno Beds, Oligoccne,
Derivation of the name: Lat . ramosus - ramified.
Ma terial : 11 slabs, some with num erous specimen s and many occurrences noted in the field.

Diagnosis. - Hypichnial, more ra rely exichni al, cylindrical full burrows of somewhat
irregul ar course, with few ramifications at obtuse angles.

For the holotype a slab densely covered by this burrow was take n, as thi s type commonly
occurs in this form. Th e strings are cylindrical , slightly flattened (by compaction ?), about
6 mm wide and 4-5 mm high. If the termination s are seen, the y are obtuse. Most of the burrows
do not enter the rock but are affixed to the sole. Th eir course is somewha t irregular, but certain
secto rs are straight . There are very few ramifications, but many level crossings and interpene­
trations.

Other specimens do not differ much from that describ ed. The crowded covering of soles
is not always displ ayed . The burrows with one or two ramifications often occur singly (text-fig.
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Fig . 8
Sabu laria ramosa n. ichnosp., Besko, Krosno Beds, UJ

TF 842. x 0.5

9 a- c) or are scatt ered loosely on the sole. In some specimens the width of the cylinder atta ins
12 mm . Quite often the bu rrow assumes an exichn ial position , penetrating the clay a few mil­
limetres below the und erface.

Remarks. - Th ere is some resemblance to Imb richnus H ALLAM (1970), which is of similar
size, shape and congested manner of occurrence, but differs in the imbrication of the fill.

Sediment. - Fine-grained , thin-bedded (a few cm) sandsto nes, with compos ite or hori­
zontally lami nated beddin g.

Occurrence. - Valanginian - Upper Cieszyn Shales : Skrzydlna. Hauterivian - Gro­
dziszcze Beds: Raciechowice, Biesnik. Albian - Lgota Beds: Czch6w. Cenomanian - Lower

~: .......-,

Fig . 9
~ Sabularia ramosa n. ichnosp, Grybow, Ropianka Beds. UJ TF 384; ~ Id ., Wola Krogulecka, Ropianka Beds. UJ
TF 1845; @Id., Sowina, Krosno Beds. UJ TF 1752; @j Id. , Wujskie, K rosno Beds. UJ TF 1802; 0 Sabularia simplex .

D obra, Hieroglyphic Beds. UJ TF 2019; iTI Id., D abrowka, Hieroglyphic Beds. UJ TF 375. All figures x O.5
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Godula Beds (frequent): Ponikiew, Jaroszowice, Czchow, Turonian - Siliceous Marls: Kra­
siczyn; Middle Godula Beds (frequent): Kocierz, Ponikiew, Jaroszowice, Czchow, Biesnik ,
Senonian - In cceramian Beds (fairly frequent): Rzegocin, Krzywcza , Wolodz, Krasice, B1­
chow; Gorzeri Beds: Gorzeri Gorny, Wierzbanowa; Ropianka Beds: Sopotnia Mala, Tokarnia,
Zaryte, Mszana Dolna, Limanowa, Mlynne, Wola Brzeziriska, Wola Krogulecka, Grybow ,
Srnrekowiec, Kwiatori, Siary ; Cisna Beds: Cisna; Sromowce Beds: Niedzica. Palaeocene­
Lower Eocene - Variegated Shales: Zaryte. Lower Eocene - Ciezkowice Sandstone: Kor­
czyna ; Beloveza Beds: Lipnica Wielka, Sidzina, Lubomierz. Middle Eocene - Hieroglyphic
Beds: Skomielna Czarna, Daliowa, Darow (in a few adjacent layers), Liszna. Upper Eocene ­
Magura Sandstone: Klimk6wka. Oligocene - Krosno Beds (frequent): Besko, Wujskie ,
Sow.na, Godowa.

Ill. BRANCHED STRUCTURES

Here are grouped traces with a main, cylindrical or tubiform stem which in a twig-like or
bundle. like manner ramifies into numerous lateral branches. These may be rectilinear or feebly
curved , or developed in a tuberculate form. All types branch horizontally or subhorizontally;
no vertical branching has been found. Probably all types grouped here are the Fodinichnia
of SEILACHER (1953, "Fressbauten", SEILACHER, 1955). They include Buthotrephis HALL, Chon­
drites STERNBERG, Granularia POMEL, Lophoctenium REINH. RICHTER, Phycodes REINH. RICHTER,
Strobilorhaphe KSIJ\ZKIEWICZ, Taenidium HEER, Bostricophyton SQUINABOL.

lchnogenus Buthotrephis HALL, 1847

Type ichnospecies: Buthotrephis palmata HALL

Remarks. - HALL (1847 , p. 8) assigned here "stems subcylindric or compressed, branched;
branches are numerous, divaricating, lead-like". It follows from his description and illustration
of particular types that the stems are smooth . HANTZSCHEL (1965) regards Buthotrephis as
a synonymy of Chondrites. Actually, most of the types described by HALL are chondritids,
including B. gracilis , given by ANDREWS (1955) as the type species . There are, however, two
distinct groups in HALL'S material, "compressed", which are evidently chondritids, and
"subcylindrical" or cylindrical, represented by B. palmata and B. succulens. They also display
another manner of branching.

Branched cylindrical and subcylindrical types of similar shape have often been described
as Palaeophycus HALL (e.g. LUDWIG, 1869). This is not a clearly defined ichnogenus. According
to HALL (1847) it includes stems cylindrical or subcylindrical, apparently hollow, simple or
branched. The type species of Palaeophycus (P. tubularis, according to ANDREWS, 1955) is
a straight unbranched burrow, and OsGOOD (1970) tends to assign to Palaeophycus only cylin­
drical , irregular, unbranched tunnel fillings. He emphasizes that Palaeophycus contains too
wide a range of characteristics and requires a restudy (see also PACHECO, 1908, p. 84). In view
of this it seems justifiable to keep the name of Buthotrephis (or Bythotrephis, as corrected by
SCHIMPER, 1869), but limit it to cylindrical and subcylindrical branched forms.

In the Carpathian material the types that may be assigned to Buthotrephis understood in
this manner are comparatively rare, but occur in a variety of shapes. None of them corresponds
strictly to known types. As they occur in single , often incomplete specimens, some are left
undetermined , some grouped in the affinity of the two species of HALL, and two new ichno­
species are proposed .

Origin.-The cylindrical shape of the stern and branches indicate a post-depositional
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orr gm. Probabl y lar ge polychaete worms might have produced these feeding burrows. The
manner of filling is obscure. Possibly it was retrusive, as supposed by SEILACHER (1955, p. 386)
for Chondrit es.

Buthotrcpltis aff palmatu HALL, 1852
(text-fig. 101,,11)

1852. Buth otrephis palmat a (n. sp.), HALL, p , 20, pl , 3, fig. I, pl. 7, fig. I.
Material : 2 specimens and a few occ urrences noted in the field .

Description, - H ypich nia l, cylind rical, flatt ened full b urro w, branches short but wide,
ram ificat ion angle small.

In contrast with the obtu se ends of br anches in B. pa lniata in our one specime n (text-fig. 10h)
th ey are rat her pointed, b ut in an other (text-fig. lOll) ro unde r with less palm at e blanching .

SEILACHER (1955) assigns B. palmata to Phycodes , bu t OSGOOD (1970) keeps HALL'S generic
term for t his type.

Sediment. - Fine-grai ned , graded or graded-lami nated sandstones, a few cm thick.
Occurrence. - Senonian - Upper G odula Beds: Mucharz (th e st ream Jamnicki) . Pal ae­

ocene - Szczawnica Beds: G rywaId.

Butltotrepliis aff succulens H ALL, 1847
(text-fig. lOa , e, k.L, t)

n;47. Buthotrcphis succulcns (n. sp.), HALL, p. 62, pl. 22, fig. 2.
Material : 5 specimens and three occurrences note d in the field.

Description. - H ypich n ial , but in o ne case cpichnia l, o r endichnial Gust below the uppe,
sur face). F rom the common large basal stem ram ify b ranches, b ifurcati ng near the base ar
sma ll angles. In the largest specimen the branches are 8- 10 mm wide, cylindrical, gent ly f1exuous,
up to 15 cm long.

T he resem blance of so me specimens (text-fig. 10k, I) to B. succulens H ALL pictured in his
fig. 2a is co nsiderable. Others have a greater resemblan ce to his fig. 2b, wit h ram ifications
sit uated well above the base. Less simila r is the la rge specimen in text-fig. lOc,

S ediment. - Fine-gra ined sandstones, up to 25 cm t hick.
Occurrence. - Valanginian - Upper Cieszyn Shales: Przenosza . Turonian - M iddle Go­

dul a Beds: Ponik .ew. Senonian - R opi anka Beds : Sm rekowiec, Sekowa (sub-cpichnial void
tubes). Palaocene - Variegated Shales : P61rzcczki. Lower Eocene - Bclovez a Beds: Lu­
bomierz.

F ig. 10
Buthotrephis HALL

j;"1 B. afT. succulens HALL, Polrzeczki, Va riegated Shales, UJ T F 761; jbj B. indet., Tymowa, Lowe r Godu la Beds, UJ
'r:F 1318; 0 B. aff . succulens HALL, Hu wniki, Inoceramian Beds (field ~awing) ; @.I B. inde t., Krzesz6w, Upper Istebna
Beds (field drawing) ; El B. alTo succulens H ALL, Lubom ierz, Bcloveza Beds, UJ TF 382; [B B. indet. , R opian ka Beds,
Li pnica Mala, UJ TF 1402; 0 B. indet. , Lipnica M ala , R opianka Beds, UJ TF 1402 ; § B. aff. palma ta HALL, Mucharz,
Up per Go dula Beds, UJ TF 368; ID B. indet. , Golesz6w, Cieszyn Limestone, UJ TF 376; ill B. inde t., Osielec, Hiero­
glyphic Beds, UJ TF 2016; iki B. aff', S I/CCIl ICIIS HALL, Ponikiew, M idd le Godula Beds, UJ TF 1726; [i] B. aff, succulens
HALL, Przenosza, ' Upper Ci-;;zyn Shales, UJ TF 1173; El B. indet. , Wola Brzeziriska, R opianka B~ds, UJ TF 1023

( x 0·25) ; 8 B. air. palmata, GrywalJ , Szczawnica Beds (field drawin g) ; ~ B. indet. , Ka clowa, R opianka Beds, UJ TF
703; .§ B. inde t., Tylman owa , Magura Sandstone, UJ TF 1356 ; EI B. indct., K qclowa, R opianka Beds, UJ TF 902;
El B. indet., D i winiacz D olny, K rosno Beds, UJ TF 709 ; El B. aff. succulens HALL. Smrekowiec, R op ianka Beds (field
dr aw ing) ; 8 B. indet ., K roscienko, Szczawnica Beds, UJ TF 350 ; ~ B.( ?) inde t., Wujsk ie, Krosno Beds, UJ TF 1820 ;
8 B. indct., Wuj skie, Krosno Beds, UJ TF 1820; 0 B.( ?) indet. , Wujskie, K rosno Beds, UJ TF 1814 ; 0 B. bifu rcata

n. ichnosp . K omari cza, H ieroglyph ic Beds (field drawing). All figures (except for fig. Ill) x 0..5
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Buthotrephis bifurcata n. ichnosp ,
(pl. 5, fig. 14; text-fig. 10z)

Holotype : UJ TF 1383 (pI. 5, fig. [4).
Type locality: Sidzina near Jo rdan6w.
Type horizon : Beloveza Beds, Lower Eocene.
Derivation of the name : Lat. bifurcatus - dichotomous.
Mat erial : 3 specimens and 2 occurrences noted in the field .

Diagnosis. - Hypichnial cylindrical full burrow. Short stem bifurcates at a small angle into
two long branches. There is a tendency toward a radi al arrangement of the double branches.

Description. - Jn the holotype the basal stem is a few millimetres long and the lateral
branches are 5-6 mm wide , 10 mm high and about 12 cm long. The bifurcate burrows are
radially arranged in a semi-ci rcle.

There is a much smaller, similar type with br anches up to 8 cm long, in which the radial
arrangement is al so marked. In one spec imen the forked burrows are linked with one another
(KS1~ZK[EW[CZ, 1970, fig. 6g2). Similar bifurcate burrows may also occur singly.

Sediment. - The hol otype occurs on the sole of a sandstone bed 7 cm thick ; other specimens
occur in thinner bed s, horizontally or obliquely laminated .

Occurrence. - Senonian - Skrzydlna Beds : Przenosza. Low er Eocene - Beloveza Beds:
Sidzina , Podwilk . Middle Eocene - Hieroglyphic Beds: Kornaricza.

Buthotrephis bilix n. ichnosp .
(pI. 5, fig. 13)

Holotype: UJ TF 1311 (pI. 5, fig. 13).
Type locality : Poznachow ice near M yslenicc.
Type horizon: Grodziszcze Beds, Hauterivian.
Derivation of the name: Lat. bilix - made of doubl e str ings; the bl anches of the burrow are bilobed .
Ma terial: 3 slabs.

Diagnosis. - Hypichn ial full burrow. composed of several br an ches, each con sisting of two
rows of irregula r tubercul es sepa ra ted by a furrows of th e sa me width as the rows. Branching
at acute angles.

Description. - In th e holot ype the stem is 6- 7 mm wide, short, and ramifie s into 4 br anches
of various lengths ; the longe st is abo ut 10 cm. The branches are somewhat wavy. Each branch
is divided by a medium furrow. 1-2 mm deep , int o two strings, which are 1-3 mm high and
about 3 mm wide, but on the whole th e height and width of the br anche s vary. The filling
material is substantially coar ser th an th at of the sole. In other specimens the branches are
slightly thicker. The trace is grega rio us and densely covers the sole, without interpenetration
or overlapping.

Sediment. - Thin-bedded (2-4 cm), fine-grained , single-cur rent bedded sandstones.
Association. - The burrow transect s a Helminthopsis.
Occurrence. - Hauterivian - Grodziszcze Beds: Kozrn ice Wielkie, Poznachowice,

Buth otrephis sp. indet.
(text-fig. 10)

A few characteristic types are descr ibed here with out specific determination .
(1) Text-fig. 10m. Branching at fairly large angles. Branches slightly curved, their endings

sharp. Thi s specimen resembles "Palaeophycus" frutico sus L UDW1G (1869) , but the branching
angl es are smaller in th at type. Of simi la r type are specimens in text- fig. 10d, 0 , r, all hypichnial ,
and lOp, which is end ichni al.
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(2) Text-fig. IOu. This differs from the others, as it is thin (1'0-1 '5 mm), unilaterally bran­
ching at various angles. It cuts across a Urohelminthoida. Similar types, somewhat thicker
and also branching mainly on one side, are represented in text-fig. 1Of, g, i.], s.

(3) Text-fig. lOb. Ramifies at an acute angle, branches clavate. In contrast to other types ,
its surface here and there shows some delicate transverse striations.

(4) Text-fig. lOw, x, y. In contrast to all the types described above, which are hypichnial
(one endichnial), these are epichnial branching furrows, 2-5 mm wide. Some of them are ri mmed
on one or both sides by narrow levee-like rims, as in Naviculichnium. Their assignment to
Buthot rephis may be open to argument.

Ichnogenus Chondrites STERNBERG

Type ichnospecies: Chondrites targionii (BRO NG NIART) (ANDR EWS, 1955).

Remarks. - Classification is based on branch width and the mode and angle of branching.
The distinction of many described "species" is obscure, and many types seem to occupy an
intermediate position between the others. In this paper only 9 types have been determined,
those which have more distinct morphological features and more widely accepted by several
authors. There are many which can be placed in their affinity, and others that are so preserved
that their specific determination is not possible. Whether the distinguished types are actually
separate ichnospecies, it is difficult to say, as in some cases the difference may be due to the
stages in the ontogenic growth of the producers. S. SIMPSON (1957) doubts the validity and
usefulness of specific recognition in Chondrites. He presumes that the differences may be attri­
buted to the animal's behaviour controlled by the distribution of food in the sediment.

Sediment. - Almost all chcndritids occur in marls or limestones. The limestones are graded
and laminated , and evidently represent element I. Also most of the marls may be considered
as redeposited, since they are either closely connected with underlying sandstones or , with sharp
soles, rest on shales (KSL'1ZKIEWICZ, 1975). Thus most chondritids are endichnial, some are
exichnial, few occur in truly pelagic shales, some on the upper surfaces of sandstones and marls.
In very rare cases they occur on soles, either affixed or incised. In some hypichnial occurrences
the traces might have been formed in the underlying mud, and later excavated and cast with
current-brought sand in conformity with the mechanism envisaged by SEILACHER (1962).

Origin. - It is not clear whether chondritids are feeding or d welling burrows or both.
ABEL (1935) defines them as "Fressrohren" and SEILACHER (1954, 1955) as "Fressbauten".
According to TAUBER (1949) they are "Wohnrohren" of some sessile filter-feeding Anne1ida,
and S. SIMPSON (1957) believes that they are tunnels made by an animal living on the bottom
and digging downwards and laterally in the sediment with the help of its retractible proboscis.
The problem of filling has not been solved either. Some authors think that the filling material
was introduced into the void tunnels from the overlying sediment (REIs, 1909, S. SIMPSON,
1957, FERGUSON, 1965, OSGOOD, 1970), while SEILACHER (1955) supposes that the tunnels were
filled retrusive1y by the animal, and FREY (1970), havingfound faecal pellets in the tunnels,
regards Chondrites as feeding burrows. Accord ing to TAuBER (1949) the tubes are lined with
quartz grains selected from the sediment. In the Carpathian material no coarse material was
found inside to admit a filling mechanism similar to that supposed by FERGUSON, but occasio­
nally very fine grains of quartz have been found. As Chondrites occur in marls which contain
a certain amount of quartz, it may be that the quartz in tunnels is residual after the animal
has removed most of the calcium carbonate and clayey substance. The clayey material of the
fill may also be a residual product, and not necessarily sieved in from above. In some specimens
the argillaceous filling consists of very thin transversal lamellae. This seems to suggest packing
by the animal. In light-coloured rocks chondritids are dark (iron sulphides ?), but in darker
rocks (e. g. Cieszyn Limestone) light (iron content too Iow for the formation of sulphides t).
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The cha nge in co lour of the processed materi a l may be d ue to the act ion of body excretions
(GRIGGS et al., 1969) or enzymes (OSGOOD, 1970).

S. SIMPSON (1957) presumes that un segmented " worms" like sipunculids migh t have been
th e producers, but according to SCHA FER (1972) recent Polychaeta form st ruct ures simila r
to Chondrites.

Chondrites acqualis (BRONGNIA RT, 1828)
(pl. 4, fig. 6)

1828. Fucoides aequalis, B RONG NIART, p. 58, pl, 5, figs 3, 4.
Mat erial: 10 specimens and num erou s occurrences noted in the field.

Remarks. - Reported from th e Carpathi an fl ysch by ETTINGHAUSEN (1863) as Chondrites
vindobonensis var. aequalis.

Occurrence. - In almost a ll hor izons of the flysch . Valan ginian - Upper Cieszy n Shales :
Zywiec. Barrernian - Vcr ovice Shale s : Wisniowa. Albian - Lgot a Beds: Rzyki near Wad o­
wice . Turonian - Siliceous M arl s: Szczepan owice, H uwnik i ; M iddle God ula Beds : Lakta .
Senonian - Inocerarnian Beds (frequent) : R zegocin, W olodz, K uzm ina , L odzinka , K alwaria
Paclawska, Roman owa Wola, Dzwin iacz D ol ny ; We gierka M arl s : Wegierk a (very ra re) ;
Upper Godula Beds: K ocierz; Lower Istcbna Beds : Czarnorzeki (in "fucoid" marls): Rop ianka
Beds (fair ly fre quent) : · Jaworzynk a , Zl atn a , L ip nica Wie lka, Zawoja (the hamlet Zalesie),
R aba Wyzna , G rybow, Bial a Wyzn a, Skwirtne, Kwiatori ; Cisna Beds : Cis na . Palaeocene ­
Szczawn ica Beds: Kroscienko on the river Dunajec. Palacocenc - Lower Eoccnc - Var iegated
Shales : L ipn ica M ala (th e stream Linorka), L ipc we, Polrzcczki. Lower Eoccne - Beloveza
Beds: Lipnica M ala , Tok arnia , My slec, H ariczowa. M iddle Eocene - Hi eroglyphic Beds:
Brzezna , Kornaricza ; Lacko Beds : Zubrzyca Gorna. Oligoccne ---:- Krosno Beds: Wujsk ie,
Slonne Mts., Brzozowiec .

Chondritcs offinis (BRONGNI ART, 1849)
( p]. 4, Ilg . 11)

1858. Chondrites affinis B RONG N., FISClIE R-OOSTER, p. 53, pI. 11, fig. I , 2.
Mat erial: 14 specimens and many occurrences noted in the field.

Remarks . - T he largest specimen is 9 cm long and 6 mm wide. Small -sized speci me ns also
have ro unded endings.

Associ ation. - Rarely associated with other chondri t ids (Ch . arbuscula, Ch. furcatus, etc.) .
Occurrence. - In almos t a ll horizons conta ining marly interbeds. Berri asian - Cieszyn

Limestone : Goleszo w, K am ienica near Bielsko . H auterivian - G rodziszcze Beds : Kozmice
Wi elkie. T uronian - Siliceou s M arts : Szczepa nowice, Braciejowa, H uwniki ; I nocera mian Bed s
(frequent): Rzegocin, Huwn ik i, M akowa; Lower Istcbna Beds : Czarnorzek i (in "fucoid"
marls); R opian ka Beds (frequent) : Jaworzynka, Zl at na, Slcrnicri, Rab a W yzna , M szan a D olna,
M ordarka , Wola Brzeziriska, Wol a Krogulecka, Szczawa, K aclowa, Uscie G orl ick ic, Sekowa ,
Kwiaton, Skwirtne. Palaeocene - Szczawnica Beds: Kroscienko on the river Dunajec, H alu­
szowa. Palaeocene-Lower Eocenc - Variegat ed Shale s : Lip nica M al a (the st rea m Linorka),
Zaryte, Lubomierz. Lower Eo cene - Bclo veza Beds: Lip nica M ala , Szczawa, the st rea m G ll(­
b ieniec. Mi ddl e Eoccne - Lacko Beds: Zubrzyca G6rna, M yslec ; H ieroglyph ic Beds: Ka­
me sznica, Rajcza, Brzezna, D arow, Zu braczc . Ol igocene - Krosno Beds: Sanok.
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Cliondrites arbuscula FISCHER-OOSTER, 1858
(pl. 4, fig. 7)

1858. Chondrites arbuscula F . 0 ., FISCH ER-OOSTER, p. 47, pl . 8, figs 4, 5.
Material : 20 slabs, each with man y spec imens, and man y field occur rences.
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Occurrence. - Reported from the Carpathian s by ETTINGHAUSEN (1863). Berriasian-Cieszyn
Limestone: Goleszow , K amienica near Bielsko. Turonian - Siliceous MarIs (frequent): Szeze­
panowiee, Rybotycze, Huwniki. Senonian - Inoeeramian Beds (frequent): Laczki Kucharskie,
Rzegocin , Lodzinka, Kuzrnina , Huwniki; Lower Istebna Beds: Czarnorzeki (in "fucoid"
ma rls) ; Ropianka Beds (frequ ent): Zlatna , Osielec, Zawoja (the hamlet Zalas), Poreba Wielka,
Lubomierz , Wola Krogulecka, Floryn ka, Kaclowa, Siary. Palaeocene-Lower Eocene - Varie­
gated Shales: Lipnica M al a (the st ream Lin orka), Zaryte, Polrzcczki. Lower Eocene - Ciezko­
wice Srndstonc: Zn amirow ice (incised in sandstone); Beloveza Bed s: Szczawa (the stream
Glebieniec), Zbludza, Zalesie, Berest. Middle Eocene - Lacko Beds: Zubrzyca G6rna.

Chondrites expansus FISCHER-OOSTER, 1858
(pI. 4, fig. 3)

1858. Chondrites expansus F. 0 ., FISCH ER-OOSTER, p. 47, pI. 9, figs 1- 3.
M aterial: 3 specimens (2 in ma rls, 1 on the upp er surface of a sandstone). In one slab in addition to large form

there occur small radial forms of the same type.

Occurrence. - Senon ian - R opi anka Beds : Lubomierz, Lim anowa, Biala Wyzna,
Kaclowa, Florynk a.

Chondrites fi li formis FISCH ER- OOSTER, 1858
(pl , 4, fig. 8)

1858. Chondrites filiformis F . 0 ., FISCHER-OOSTER, p. 46, pl. 12, fig. I.
Ma terial : 2 specimens,

Occurrence. - Senoni an - Rop ianka Beds: G rybo w.

Chondrites flexi lls F ISCIIER-OOSTER, 1858
(pI. 4, figs 4, 10)

1858. Chondrites flex ilis F . 0 ., F ISCHER- OOSTER, p. 45, pI. 8, fig. 3.
Material : 3 specimens (2 endichn ial, 1 hypichnial).

Remarks. - In one specimen (pI. 4, fig. 10) the hypichnial branched burrows are radially
arranged. Th eoretically each of the Chondrites types may develop a radial pattern (S. SIMPSON,
1957). In our specimens there are no indications th at the rad ial form ha s a vert ical shaft (or
sha fts) leading across the bed to its upper sur face.

Occurrence. - Turoni an - Siliceous M arls: Huwniki . Senonian - Inocerami an Bed s: Lo­
dzinka . Ropi anka Beds: Wola Brzeziriska, Palaeocene - Szczawnica Beds: Haluszowa,

Chondrites furc atus (BRONGNIART, 1828)
(pI. 4, figs 1, 2)

1828. Fucoides fur catus, BRONG NIART. p. 62 pl. 5, fig. 1.
Material : 10 specimens a nd ma ny obse rvations in the field .

Remarks. - Thi s type was reported from the Carpathians by ETTINGHAUSEN (1863) and
VASSOEVICH (1953, p. 42, fig. 9w).
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Association. - On the same parting plane may occur togeth er with Ch. intricatus and Ch,
arbuseula.

Occurrence. - Berri asian - Cieszyn Limestone (freque nt): G oleszow, God ziszow, K amie­
nica near Bielsko . H auterivian - Grodzi szcze Beds: Wisniowa, the stream M arkow. Albian ­
Lgota Beds: Brody (in the hori zon with spongioli tes). Turoni an - Jasien ica M arl s: Jastrzebia ,
Jasien ica. Senonian - Inocerami an Bed s (frequent): Rz egoc in, Wolodz, M akowa, Kal waria
Paclawska , Romanowa Wola; Lower Istebna Beds (in "fucoid" marl s): Czarnor zeki ; Ropianka
Beds (fr equent): Zl atna , Zawoja (the hamlet Zalas), Trzebunia , M szan a D oln a, Wola K rogu­
Iccka , Kaclowa, Siary. Palaeocene - Variegated Shales: Zaryte , Szczawa, the stream Glebie­
niec (in dark shales intercalated in green and red sha les). Lower Eocene - Belo veza Beds:
Szczawa (the stream Glebieniec), Zbludza. Middle Eocene - Hieroglyphic Beds: Nahurczany,
Kornaricza ; Lacko Bed s: Zubrzyca Gorna , Naszaco wice. U pp er Eocene - M agura Sandstone:
Rzyki near Limanowa.

Chondrites intricatus (BRONGNIART, 1828)
(pl, 4, fig. 5)

1828. Fucoides intricatus, BRONGNI ART, p. 59, pl. 5, figs 6-8.
M aterial : 20 slabs and many field observa tions.

Remarks. - Most of the bu sh-like tr aces are no more than I cm long. Reported by
ETTINGHAUSEN (1863) as Ch. vindobonensis var. intricatus.

Association. - To gether with Ch. arbuscula and Ch, fureatus.
Occurrence. - Berriasian - Cieszyn Limeston e: Golesz6w, Jaworze. Hauterivian - Koz­

mice Wielkie, Lipnik near M yslenice, Poznachowice, Biesn ik. Turoni an - Siliceou s Marl s:
Rybotycze, Huwniki. Senon ian - In oceram ian Beds: Lodzinka, M ak owa ; Lower Istebna Beds
("fucoid" marls): Czarnorzeki ; Cisna Bed s: Liszna ; Ropianka Beds: Jawor zynka , Slemieri,
U scie Gorlickie, Siary, Owczary, Skwirtne. Middle Eocene - H ieroglyphi c Beds: Rajcza ,
Wysowa, Zubracze.

Chondrites patulus FISCHER-OOSTER, 1858
(pl. 4, fig. 9)

1858. Chondrites patulus F . 0 ., FISCHE R- OOSTER, p. 48, pl, 8, figs 6, 7.
Mat erial: 1 slab.

Remarks. - This very rare type differs from ot her chondritids by the approxima tely
right angle of branching.

Occurrence. - Oligocene - Krosno Beds: Brzozowiec.

Ichnogenus ?Granularia POM EL, 1849

Remarks. - Some tr aces are ass igned here with reservation . These are flatt ened cylinders,
a few cm long, up to I cm wide , ramifying at variable angles. They are filled with irregularly
packed dark, almost black clay particles cement ed with grey fine-grained mat erial almost
identical with the mat erial of th e host rock. The particles are round or elongat ed. The borders
of the cylinders are not sha rp but somewha t diffuse. The particles of th e fill are either closely
packed or loosely scattered . Possibly they are faecal pell ets.

These structures are not uncommon in the Palaeocene Szczawnica Beds (K roscienko on the
river Dunajec and other places). Th ey occur in the fine-grain ed upperm ost part of sandstones,
in association with undeterminable chondritids.

Similar traces, as a rule poorly preserved , occur in the Grodziszcze Beds, in which the
cylinders in addition to clay pellets contain quartz gra ins.
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Ichnogcnu s Lophocteniunt R EINHARD RICHTER, 1850

Type ichnospecies: Lophoctenium comosum R EINH . R ICHTER (HANTZSCHE L, 1962).

Lopliocteniutn ratnosum (ToULA, 1900)
(pl. 5, figs 6-8)
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1900. Criophycus ramosus, T o uLA, p. 159, fig. 159 (no description ; assigned to Loplioctenium by S EILACHER. 1954,

p. 225).

M aterial : 14 specimens.

Description. - H ypichnial full burro w. The ma in stem is 1- 2 mm wide , lateral branches up
to 10 mm lon g.

In the affinity of thi s typ e is placed a bunch-like t race co nsist ing of incisions on the upper
sur face ; from th e ma in furr ow b ran ch lateral grooves, 1-2 mm wide, curved in one direction
(pl. 5, fig. 8). U sually th e ramific ations occur on one side of the mai n furrow . In contrast with
th e typical L . r a1110SUII/ , the endings of lateral bra nches are pointed. The trace covers
the surface densely.

Sediment. - Hypichnial for ms occur in thin-bedded sandstones, in one case 13 cm thick.
Association. - M ay be intersected by Scolicia and Tubulichnium .
Origin. - According to SE1LACHER (1959, p . 1070) it is a feeding trace. CHAMBERLAIN (1971a)

relates th e mann er of format ion of this trace to a spreite bui lder. In one specimen the trace
covets a lineat ed sole which ind icat es a post-depo siti on al or igin .

Occurrence. - Senonian - In occra mian Beds : R zeki , Kras ice (in bot h local ities in the
epichnial form) ; Skrzydlna Beds: P rzenosza (endichn ial); Ropianka Beds: Wola K rogulecka.
Palaeocene-Lower Eocen e - Variegated Shales : Zlatna, L ipn ica Wielka, Zar yte , Lim anowa.
Lower Eocene - Ciezkowice Sandstone: K orczyna (in variegated sha les interbed) : Beloveza
Beds: Lipnica Wi clka, Lubomierz, H aiiczowa. Mi ddle Eocene - H ieroglyphic Bed s: D aliowa,
Oligocene - K rosno Beds : Wujsk ie.

Loph octenium aft'. COII/VS/III l R E1NH. RICHTER, 1850
(p1. 5, fig. 9)

1954. Lophoctenium comosum RICHTER, S EILAClI ER, p. 225, pl. 8, fig. 6.
M aterial: 5 slabs.

Description. - In the affinity of this ichnospecies are placed, with caution, hyp ichnial or
epichnial, in either case full bur rows. They co nsist of rows of swollen short (2-3 mm) ridges,
par allel to one a nother, branching from a common narrow sha llow furr ow. In some parts
th e fu rrow may be replaced by a narrow low ridge-like stem. Th e lateral ridges are runiforrnly
slight ly bent in one di rection . Some lateral ridges ar e delicately stri ated. T hey are ar tanged in
parallel rows separated by str ips not affect ed by b urrowing (pI. 5, fig. 9, left side) , but the rows
may occur close to one another, a nd even overlap or overcross one another.

Remarks. - From comparison with the picture of R ICHTER (1850, p. 8, figs 1-5) it may
be pre sumed that the rows of ridges in our mat erial are longer, and less curved and more spaced.
When the spacing is closer th e picture of th e t race is more like th at illustrated by SEILACHER
(1954) or D ELGADO (1910, pI. 5a).

Sediment. - Very thin-bedded (3 cm), fine-grained, horizontally laminated sandstone.
Occurrence. - Berriasian - Cieszyn Limestone : G oleszow (qu arry) . Senonian - Skrzydlna

Beds : Przen osza (epichnial , with a Chondritcs-lik e appea rance) ; R opianka Beds: U scie Gorlickie
(ep ichn ial) . Palaeocene-Lower Eocene - Variegated Shales : Lipnica M ala, th e stream Li­
norka (hypichnial full bur row).
6 - P aI a co n tol o g ia P olo ni ca N o. 36
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Ichnogenus Phycodes R EINII. RICHTER, 1850

Type ichnospecies: Phycodes circinatum RICH TER (HANTZSCII EL, 1962).

Phyc odes aff. harlani (HALL, 1843)
(pl. 2, fig. 1)

1843. Fucoides Harlani, H ALL, p. 46, figs 1-2.
Material: 1 specimen and a few observations.

Description. - An endichnial bundle con sisting of seven cylinders or void tubes, each
3-4 mm wide, with den se transversal segmentati on. The segments are 1.0-1.5 mm wide. The
cylinders branch from a common stem at small angles and almost touch one another. The
bundle occurs subhorizontally near the ba se of a sandstone bed .

This tr ace occurs in a very flimsy sandstone, th erefore it is difficult to collect better preserved
specimens .

Remarks. - There is considerable similarity to the tr ace described first by HALL (1843) as
fuc oid and lat er assigned to A rthrophycus (1852, p. 5, pI. 2, fig. 1). HALL'S type is more densely
segmented th an our specimen. This type of bundle is assigned by SEILACHER (1955) to Phycodes.
In con tr adi stinction to other types of Phycodes that are affixed from below to the sole, our
burrow occurs just above the sole.

Sediment. - M edium-grained sandstone, 5 cm thick.
Occurrence. - Lower Eccene - Ciezkowice Sandstone: Znamirowice.

Ichnogenu s Strobilorhaphe KSIJ\ZKIEWICZ, 1968

Type ichnospecies: S trobilorhaphe clavata K SIJ\Z KIEWI CZ

Diagnosis. - Hypichnial horizontal full burrow consi sting of a central stem which laterally
ramifies into knobs arra nged in a cone-like form.

Origin. - M ost prob ably post-depositional feeding burrow. The animal (a polychaete?)
burrowed along a centra l tunnel and lat erally excavated (with the proboscis?) small oblong
holes, subsequently filling th em with the reworked material. The manner of the filling is not
easy to expla in.

Strobilorhaphe c1avata K SL<\ZKIEWICZ, 1968
(pl. 5, figs 10, 11 ; text-fig. 11a-r)

1968. Strobilorhaplie clavata n. "sp." , K SIi\ Z KIEWI C7 , pp. H, 15, pl. 1, figs 4, 5.
Holotyp e: UJ TF 188 (pl. 5, fig. 10).
Type locality: Lipnica M ala near Nowy Ta rg.
Type horizon : Beloveza Beds, Lower Eocene.
Derivation of the name: Lat. clam - club; the clavate shape of lateral knobs.
Ma terial: 25 specimens and many occurrences noted in the field.

Diagnosis. - Hypichnial full burrow consisting of a thin stem passing into a cone com­
posed of round or subellipt ica l knobs which vary in size, arranged obliquely in relation to the
axis of th e burrow.

Description. - The holotype is 5 cm long and its maximum width is 1·5 cm. The supporting
stem is 2 mm wide . It ramifies into short oblong knobs, most of which are narrow at the base.
They are 6-8 mm long and 1-3 mm high.

There is considerable vari ety in the shape and size of this kind (text-fig. 11), but the essential
features are the same. The ba sal stem may not be developed and the tr ace may consist of two
ro ws of knobs, lying more or less clo se to one another, and even overlapping. The club-like
sh ape of the knobs is predominant, but sometimes they are more thorn-like. The knobs lie
mostly in the plane of th e sole, but ma y also be oblique or perpendicular to the sole. The length
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of the burrow varies between 3 and 8 cm; its width is more constant. This type often occurs
in close proximity on the sole, but never gregariously.

Sediment. - Fine-grained , thin-bedded (up to 6 cm) sandstones, horizontally or single­
current laminated.

Association. - Often together with Sabularia, Fucusopsis ; it is sometimes intersected by
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Fig. 11
S trobilorhaphe K SIJ\Z KIEWICZ

.0-0 Strobilorhaphe clavata K SI.,\ ZKIEWICZ ; 0 Lipnica Mala, Beloveza Beds, UJ TF 381; IB Sidzina, Beloveza Beds,
UJ TF 2020; @ Lipnica Mala, Beloveza Beds, UJ TF 1274; id! Lipnica Mala, Beloveza Beds, UJ TF 1280; 0 Lipnica
Mala, Beloveza Beds, UJ TF 386; I!J Zubrzyca G6rna, Beloveza Beds, UJ TF 1275; ~ Sidzina, Beloveza Beds, UJ TF
863; @ Lipnica Mala, Beloveza Beds, VJ TF 1286; ill Lipnica Mala, Beloveza Beds, UJ TF 1269; ill Lipnica Mala,
Beloveza Beds, UJ TF 1266; 18 Zubrzyca G6rna, Beloveza Beds, UJ TF 1287; ill Wysowa ,Beloveza Beds, UJ TF 1841;
Irn l Sidzina, Beloveza Beds, UJ TF 1281; El Lipnica Mala, Beloveza Beds, UJ TF 1270; ~ Gryb6w, Ropianka Beds,
UJ TF 1335; I£j Sidzina , Beloveza Beds, UJ TF 1283; 0 Lipnica Mal a, Beloveza Beds, UJ TF 1282; @-@ Strobilorhaphe
glandifer n. ichnosp. : 0 Jord an6w, the hamlet Munkacz, Hieroglyphic Beds, UJ TF 764; @Skomieln a Czarna, Hiero­
glyphic Beds, UJ ,TF 934; 0 Huwniki, Inoceramian Beds, UJ TF 920; Iwl Huwniki, Inoceram ian Beds, VJ TF 920;
b.! Zawoja, Hieroglyphic Beds, UJ TF 1272; .8Letowni a Gorna, Hierogl yphic Beds, UJ TF 1317; 1.1 Komaticza,

Hieroglyphic Beds (field drawing). All figures x 0.5

these traces, in one case by Megagrapton irregulare , but on the contrary may penetrate these
cylindrical traces.

Occurrence. - Cenomanian - Lower Godula Beds: Czch6w. Senonian - Gorzeri Beds:
Gorzeri Gorny; Ropianka Beds: Gryb6w. Palaeocene-Lower Eocene - Variegated Shales:
Zlatna, Sopotnia Mala, Polrzeczki ; Beloveza Beds (frequent): Zlatna, Lipnica Wielka, Lipnica
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Mala, Zubrzyca Gorna, Sidzina, Tokarnia, Zbludza, Myslec, Wysowa. Middle Eocene­
Hieroglyphic Beds : Zawoja (the stream Koriskie), Osielec, Kamionka Wielka, Wysowa. Upper
Eocene - M agura Sand stone: Patna.

S trobilorhaphe pusilla K SIJ\ZKI EWICZ, 1968
(pl, 5, fig. 12)

1968. Strobilorhaphe pusilla n. "sp.", K SJ.-\ZKI EWICZ , pp . 8, 15, pl. 1, fig. 6.
Ho lotype : UJ TF 90 (pI. 5, fig. 12).
Type locality: Zub rzyca G6rna near No wy Targ .
Type horizon: Beloveza Beds, Lower Eocene.
Derivation of the name: Lat. pusillus - very sma ll.
Material : 12 specimens.

Diagnosis. - Hypichnial full burrow, consi sting of a short thin stem crowned with a narrow
cone composed of subcircular knobs of uniform size and shape.

The holotype is 15 mm long, and its greatest width is 3·5 mm. The stem is short (5 mm)
and narrow (1'5 mm). The tapering cone consists of two ranges of alterna tely arranged small
protuberances. In one specimen the stem bifurcates, and each branch is terminated by a cone .
The largest specimen is 20 mm long .

Remarks. - The st ructura l plan is identical with S. clavata, but the 't race is much smaller
and the knobs are more circular.

Sediment. - Fine-grained, very thin-bedded (2-3 cm), horizontally laminated sand stones.
Occurr ence. - Senon ian - Ropiank a Beds: Wola Brzeziriska. Palaeocene-Lower Eocene­

Var iegated Shales: Zlatna. Lower Eocene - Beloveza Beds (fairly frequ ent): Lipnica Mala,
Zubrzyca Gorna, Osielec, Sidzina, Tokarni a, Rabk a, Lubomierz. Middle Eocene - Hiero­
glyphic Beds: Kamesznica, Grzechynia, Jordanow (the hamlet Munkacz), Tokarni a, Polan y.

Strobilorhaphe glandifer n. ichnosp.
(pl, 11, fig. 16; text-fig. 11s- z)

Holotype : UJ TF 764 (pI. 11, fig. 16).
Type locality : Jordan6w, the hamlet Munkacz.
Type horizon: Hieroglyphic Beds, M iddle Eocene.
Derivation of the name: Lat. glandifer - bearing acorn s ; the trace is provided with acorn-like protuberances.
Material : 4 specimens and several occurrences noted in the field.

Diagnosis. - Hypichnial full burrow, more or less straight, with lateral knob-like lobate
side-shoots branching from the thick stem.

Descript ion. - In the holotype the stem is cylindrical, 5-6 mm wide, feebly curved. At short
intervals oblong knobs, about 1 cm long, branch laterally. Four branch on one side of the
stem, and only one on the other. They are oblique in relat ion to the stem.

Other specimens are somewhat smaller. In most instance s the knobs are more numerous
on one side of the stem than on the other. The kn obs lie normally in the plane of the sole, but
may also be perpendicular to it. In some kinds (text-fig. 11u, IV, x) the trace consist s of aligned
elongated knobs. This form is never gregarious.

Remarks. - The assignment of this type to Strobilorhaphe may be debat able, as the stem
is thick and long , and the knobs are not assembled in conical form. It may be related to Sabularia
simplex, which often has some swellings on the stem, though never in a lateral po sition. More­
over, th is trace occurs singly, and Sabularia simplex tends to occur gregariously.

Sediment. - Thin-bedded (up to 5 cm), fine-grained sandstones with gradational or ordinary
horizontal lamination.
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Occurrence. - Lower Eocene - Beloveza Beds: Trzetrzewina. Middle Eocene - Hiero­
glyphic Beds: Jordanow (the hamlet M unkacz), Skomielna Czarna, Letownia Gorna, Zawoja
(the stream Koriskie), J uszczyn (the hamlet Kozlownik) ,

lchnogenus Taenidium H EER, 1876

Type ichnospecies: Taenidium scrp entinum H EER (AN DREWS, 1955).

Origin. - Endichnial or exichnial feeding bur rows. According to CHAMBERLAIN (1971 a) the
animal made a gallery and back -filled it without turning around. Th e distinctive and regular
annulation seen in some ichnospecies (T. annulatum , T. fisc heri) seems to suggest that the
tunnel mirrors the annulation of the animal's body (a po lychaete worm ?).

Taenidium annulatum (SCHAFHAUTL, 1851)
(pl. 5, fig. 4)

1851. Miin steria annulata SCH AFH AVTL , pp. 22, 140, pl. 8, fig. 9 (no description).
Material : 1 specimen .

Description. - A fragment, 2.5 cm long and 6-7 mm wide , consists of seven oval segments
3-4 mm long. Probably this is a fragment of the end of a branch.

Remarks. - WILCKENS (1947) assigned Muensteria annulata to Taenidium. HANTZSCHEL (1965)
also notes the resemblance to Taenidium. Our fragment corresponds better with the figure of
SQUINABOL (1887 , p. 554, pl. 17, fig. 3) than with the drawing of SCHAFHAlITL.

Sediment. - Laminated siltstone.
Occurrence. - Senonian - Ropianka Beds: Gryb6w.

Taenidiutn isseli (SQUI NABOL, 1887)
(pl. 5, figs 1, 2)

1887. Milnsteria Isseli sp. n., SQUINABOL, p. 555, pl, 17, figs 4, 5.
Material: 6 specimens, including 2 slabs with numerous trace s.

Description. - Flat segmented galleries, reaching a length of 5 cm, 4-5 mm wide, so flattened
by compaction that the y are on ly a fraction of a millimetre thick. They ramify at various angles,
mostly acute, apparently radi ating from a centre. No specimens with a perfect radiating design,
as seen in the material pictured by LIBURNAU (1900, pl. 3) have been found. For
comparison with this kind of Taenidiuni the related T. fis cheri H EER, collected by the author
in the Caucasus flysch , is presented in pl. 5, fig. 3.

Remarks. - The Carpathian material corresponds well with the form of SQUINABOL. It is
also identical with the Taenidium of PAPP (1941) reproduced by HANTZSCHEL (1962) as typical
of this ichnogenus.

Sediment. - All specimens, with the exception of one found in a siltstone, have been col­
lected from marls.

Association. - Chondrites arbuscula and unidentified chondri tids.
Occurrence. - Senonian - Inoceramian Beds: Lodzinka, Kalwaria Paclawska , the stream

Sopotnik ; Lo wer Isteb na Beds (" fucoi d marls") : Czarnorzeki ; Ropianka Beds : Zaryte, Mszana
D olna (the stream Szarkow), Gryb6w, F lorynka.
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Ichnogenus Bostricophyton SQUlNABOL, 1890

Typ e ichnospecies: Bostricophyton pantenellii S QUINABOL (A NDR EWS, 1955).

Bostricophyton pantenellii SQUlNABOL, 1890
(pl, 5, fig. 5)

1890. Bostricopltyt on Pan tenellii n. sp., S QUINABOL, p. 183, pl , 7, fig. 7.
Material: 2 specimens.

Description. - The trace con sists of small aligned dark strea ks, 0.2-0.4 mm wide. Between
the strea ks, which are ro und, oval o r shapeless, th ere arc short interva ls. Th e apparent sepa­
rati on is cau sed by th e intersection of the spira lly wound str ings by the parting plane par allel
to the bedding.

Remarks. - SQUINABOL regarded thi s trace as a spirally wound algue sta lk, but Fucns
(1895 , p. 406) interpreted it as a Chondrites-like burrow.

Sediment. - Finely laminated sandy marl in the top of a sandstone bed .
Occurrence. - Senonian - Ropianka Bed s: Osielec, Biala Wyzna.

IV . ROSETTED STRUCTURES

Star-shaped tr aces occur either on the lower or upper surface. For the classification of
hypichnial tr aces on the ichnogeneric level the following features have been taken into con­
sideration: the sha pe and length of the rib s and the pre sence or ab sence of the central field
devoid of ribbing (areola). On this basis hypichnial stellate tr ace s are grouped in four ichno­
genera:

1. Areola present and well delineated , rib s of uniform length and sha pe - L orenzinia
GABELLI.

2. Ar eola present , poorl y delineat ed , ribs of va riable length an d sha pe - Sublorenzinia
KSIJ\ZKIEWICZ.

3. Areola presen t, poorly delineat ed , with a tubercul e in the centre - Capodistria VIALOV.
4. Areola abse nt, ribs of var iable length an d sha pe - Glock eria KSIJ\ZKlEWICZ.
5. R iblets of var iable shap e disposed aro und oblong open areola - Fascisichnium KSIJ\Z­

KIEWICZ. This is not a full y developed ste llate trace .
Epichnial types are represented by two ichnogenera: Asterichnus BANDEL and Gyrophyllites

GLOCKER. They may also occupy an exichni al position.
In the classificat ion of SEILACHER (1964a) all stellate traces belon g to feeding burrows

(Fodinichnia ) ,

lchnogenu s L orenzinia GABELLI, 1900

Type ichnospecies: Lorenzinia apenninica G ABELLI (HANTZSCHEL, 1962).

Remarks. - Several types tre at ed on the spec ific level were descr ibed by GABELLI (1900),
ZUBER (1910), KUZNIAR (1911), GORTANI (1920) , D ESIO (1923), SANDLER (1951) , VIALOV (1968)
and KSIJ\ZKIEWICZ (1970). As the basis for th e specific sepa rat ion the following features were
taken: the diam eter of th e rosette, the diam eter of th e areola, and th e number and shape of the
riblets. It seems th at least atte ntio n has been paid to the sha pe of the riblets.

GORTANI (1920) was the first who made an att empt to define th e differ ences between the
two kinds th en known, L. apenninica and L. carpathica. He used two features : the number
of the riblets and th e relation of th e diam eter of the areo la to the dia meter of th e who le rosette .
According to his data , L. apenninica is characterized by a sma ller number of riblets (in his
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specimen 16) and the diameter of its a reo la is equa l to 1/3 to 2/5 of the diam eter of the who le
star. In L. carpathica th e number of the ribl cts is greater (20-24) and the dia meter of the a rea Ia
equal to half th at of the whole sta r.

SANDLER (1951) took int o con siderat ion th e size of the sta r and the number of the r iblets.
On thi s ground he created a new species "A tollites' bucovinicus, with a diam eter of 44 mm and
22 riblcts.

VIALOV (1968) based his classificat ion on th e relation of the diam eter of the star (D) and
the diameter of the a reo la (d) . On thi s gro und he regards th e specimens with D:d = 1.70 to
2.00 as belonging to L. carpathica, and th ose with D:d > 2.90 as L. apenninica. Accordingly,
he considers SANDLER'S L. bucovinica as belonging to L. carpathica. Using arbitrarily the dif­
ference 0.30 in th e relat ion 0 :d, VIALOV creat ed three new "species" : L. nowaki with D :d =

1.40 to 1.70, L. gabel/ii with D :d = 2.30 to 2.60 and L. zuberi with D :d = 2.60 to 2.90. No
other features were used in thi s classificati on . However, the same author created two o ther
new "species" , L. prutensis on the basis of the number of ribl ets (14) and L. desioi on the ground
of the shape of the I iblet s (based on the figure in D ESIO'S pap er , 1923).

The great variability both in the dimension s and th e sha pe of loren zinias cau ses a danger
of creating too many ichn ospecies with no clearl y defined differences.

Origin. - These rosett ed forms were for a long time regarded as imprints of rnedus ae and,
accordingly, assigned to Atollites. SEILACHER (1954, fig. 2) was the first to classify th em as
feeding burrows (Fressbauten). No w the interpretat ion of the se forms as bod y fossils seems
to have been aba ndo ned (HXNTZSCHEL, 1970) an d other po ssible explanations are envisaged.

In th e author' s mater ial there are no indic ati on s th at the riblets of lorenzinias are full
burrows. On the contrary, in one specimen (VJ TF 1801 from Jasliska) the riblets are slightly
effaced by flutin g and in another (pI. 6, fig. 13) the star seems to be cut across by a flute cast.
This suggests th at lorenzinias are pre-depositional groo ves cas t with sand.

NowAK (/956) presum es that L orenzinia-t ype traces are made b y crabs, accumulating their
processed material in a sta r-shaped tr ace. In thi s respect he refers to the paper of MORIN (/907)
who described the sta r-like arrangement of excretory pe llets produced on th e shores of the
Indian Ocean by cert ain cra bs. To support his view, NOWAK claims th a t Lorenzinia occurs on
the upper surface of sa ndstone layers. Th is assertion, however, bears no rela tion to the truth.
All Ca rpathia n specimens know n to the present a uter occur on soles. Gnunic (/961 ) noted the
sa me po sition in the Yougoslav material. The appeara nce of the pictu re of "A tollites" in ZUBER'S
pap er (19/0) is also that of the sole. It should be recalled that FUCHS (/9/0) had already called
attention to MORIN'S paper and sugge sted that certain ro setted tr aces might have been made
by crustaceans, but stressed that only the tr aces occurring on upper surfaces might b e ascribed
to the activity of crabs. FARRES (1963) stresses that the smooth surface of th e riblets does not
sugge st a coprolithic origin .

SIMONELLI (1905) envisaged th e possibility that the L orenzinia may be an imp ression of th e
tentacles of holothurian s, and FARRES(1963) th ink s of tentacled "worms" . It seems th at the view
ascribing th ese tr aces to a tentacled anima l may be endorsed by severa l features. Lorenzinias
in all pr ob ab ility are groove casts and not full burrows. Th eir sha pe is too regular to be p ro­
duced by an anima l digging around or accumulating excrements in a more or less random
manner , neither does the even number of riblets favour th is presum pt ion (if the number of
riblets is odd, there is always room for an addi tio na l riblet). Tllese feat ures are easier to explain
on the presumption that the stellate grooves were formed by the simu ltaneous scratching of the
sea-bott om by the tent acles of an animal. Th e patt ern of the tr ace pr od uced in th is manner
would depend on th e structure of the feed ing anima l and not on the ra ther fortuito us way of
burrowing. HXNTZSCH EL (/970) remarked th at the problem could be solved by a bett er kn ow­
ledge of the biology of the sessile medusae. Although littl e is yet kn own about the hab its of
these an imals, cert a in facts seem to illuminate the quest ion. The hyd rozoan med usa Coryniorpha
and simila r types can attach themselves to soft bottom s in deeper waters. Th ey catch smaIl
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animals with their tentacles. Accord ing to Hn,fAN (1940) and COLlN NICOL (1967), when feeding
the sta lk bends over, its distal tentacles touch the mud, then th e stalk stra ightens and the food
material adhering to the tent acles is conveyed to the mouth. It may be presumed th at during
this procedure the tentacles scratch the bottom from outside inward and make sho rt grooves
arranged circularl y. Th e number of tentacles in Hydromedusae is even (C orymorpha has 18
tentacles), and thi s would explain the even number of rib lets in Lorenzinia. It is also possible
that when touching the bottom the ani ma l contracts its tent acled crown interm ittently, pro­
ducing the outer ring of grooves or pits first , an d subseq uent ly the inner ring. This would explain
the origin of the double rings in some types of Lorenzinia. If th is interpretation is right, etholo­
gically lorenzinias should be int erpreted as feed ing trails.

Other groups of medusoid anima ls may also be taken into con sideration. From the hydro­
zoans some aberrant form s belon ging to th e order Tracliylina walk on th e sea-bott om (Po ly­
podium) . When catching sma ll organisms th ey also may scratch the bottom. Certain Trachylina
occur at depths as great as 3000 m. Scyphozoan s a re less prob abl e producers of the tr aces under
discussio n, altho ugh some Coronat ae, e. g. Periphylluni, a lso inhab it deeper waters, and, if
th ey hunt near the bott om, may also make a regular pattern of scratches with their rhopalia
and tentacles.

L ore nzinia ro sette s arc very often accompa nied by numerous litt le tubercules and straight
or sinuous tiny ridge s. Very likely the se t races formed by tentacles when the animal was prob ing
the bottom. If so, their pr esence would be a concurrent evidence.

If lorenzinias are pr od uced by scratching th e bottom by tent acles, the shape of the rib lets
should depend on the morph ology of the tent acle endings, and their spatial arrangement of the
ri blets on the structura l body differences of part icular species of hydrozoan. Generally, in the
Carpathian material fou r kinds of riblets may be dist inguished : (I ) riblets with either end more
or less round (as in L. carpathicai, (2) riblets with po inted outer ends (as in L. apenninicai ,
(3) riblets with larger outer end ings (L. kuiniari) , and (4) riblets replaced partly or totally by
tubercules (L. perlata, L. moreae), It is possible th at the different sha pe of the rib lets indicates
a different kind of producer, and if so, it is justifiable to use thi s feature in the division of
lorenzinias on the specific level. Th e size of the animal and th e different habits of contract ing
the tentacles and scra tching the bottom might also influen ce the sha pe and arra ngeme nt of the
grooves .

On the other hand , if the prop osed interp retati on is right , onc and the sa me anim al co uld
have produced different pattern s depending on th e manner of the movements of its tentacles.
In one case the to uchin g and scratching of the sea-bo tto m aro und a centra l field was necessary
to catch enough food , in another the anim al could mak e a smaller circle to catch its prey. Th e
length of th e rib lets and the size of the areo la would have been different in either case, altho ugh
produced by the same animal. Also, in ord er to catch food, und er certain circumstances th e
animal mu st have touched the bottom not once but twice or mo re, and several rings of grooves
and pits were made . If so, th is mu st have some bearing o n th e specific classificati on and may
inva lidate the separation of different ichnospecies on the gro und of the dimensional relat ions
of the star to the size of the areo la. This susp icion seems to be strengthened by the fact tha t in
onc case several types of L ore nzinia, although different morphologically , have been found near
one another on th e und erface withi n a sma ll area ( 1- 2 sq.m) at Lipnica Mala. It seems not
unr easonab le to suspec t that one kind of producer made all these tr aces (unless th ere was some
sort of an assemblage composed of different spec ies of hydromedu soid s). On th is occasion it
may be reca lled tha t SIMONELLI (1905) fou nd two con side rably different lorenzinias, one near
the other, on one slab. •

Although the possibility discussed should be kept in mind , in the present state of our know ­
ledge there is no sure ground for uniting all th e types under on e specific nam e, bu t on the basis
of th eir morphological differences th ey should be assigned to different ichnospecies, according
to the accepted view in ichnology tha t altho ugh one organism may produce different tr aces ,
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each of them if morphologically distinctive should be classified as a different species (VIALOV,

1972, p. 21).

Loreu zinia aff. apenninica GABELLI, 1900
(pI. 6, fig. 1)

1900. Lorenzinia apenninica, GABELLI , p. 1. pl. 1, fig. 1.
Material: 1 specimen (found by S. KWIATKOWSKI Sen ., housed in ZNG Cracow).

Description. - The dimensions of the star are 30 X 24 mm and of the areola 12x 9 mm. The
riblets ("rays"), 16 in number, are 8-10 mm long and 2 mm wide, all pointed outward. Its
D :d = 2·5 is not quite comparable with that of L. apenninica, but is much higher than in L.
carpathica. It differs from all the lorenzinias collected in the low number of the riblets, identical
with that in L. apenninica . The shape of the riblets is also identical with that in this ichno­
species. Some of the riblets have a small tubercule at their outer ends, a feature absent in
L. apenninica and other lorenzinias, including L. gabellii VIALOV, which the specimen would
approach by its D: d relation.

Occurrence. - Senonian - Ropianka Beds: Limanowa.

Lorenzinia carpathica (ZUBER, 1910)
(pI. 6, figs 2-7)

1910. Atollit es carpathicus n. sp., ZUBER, p. 57.
Material: 18 slabs, some with more than one star, and a small number of specimens in other collections (IG Warsaw,

IG Cracow, AGH) .

Table 15
Lorenzinia carpathica (ZUB ER)

I D
\

d I n I I
I

w
I

D: d

I
I Holotype of Z UB ER 35 20 20 5-10 2-3,5 1·7

- -- ----- --- - -- - --

2 Lipnica Mala 36 20 18 7-10 2'5-3 1·8
UJ TF 134

----- ----------~~~~-- - --- - - - ,

3 Limanowa * 45 25 15 8-10 2-3 1·8
IG War saw

- - - -

4 Lipnica M ala 36 18 18 7-9 2-3 2·0
UJ TF 871

---
5 Wola Brzezinska 47 23 22 7-12 1'5-3 2·0

UJ TF 1030

6 Jaslisk a 40 20 22 8 1'5-2 2·0
UJ TF 1801

7 Majdan 35 16 22 10 3·5 2·1

IG Cracow

8 Poreba Wielka 30 14 18 3-9 2 2·1
UJ TF 2043

9 Lipnica Mala 33 15 19 4-10 1-2'5 2·2

UJ TF 1156
---- ---

10 Lipnica Mal a 40 18 20 4-11 0'5-2 2·2
UJ TF 1111

D maximum diameter of the star (mm) ; d maximum diameter of the areola (mm); n number of riblets; I length of riblets
(mm) ; w width of riblets (mm)

* Damaged specimen.
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The dimen sions of the best preserved specimens al e given in tabl e IS.
The specimen in pI. 6, fig. 2 is the most similar to the specimen illustrated by ZUBER. It has

the relation D :d = 1:80 (in ZUBER'S holotypc, 1.75) and 18 riblet s (20 in the holotype). Most
of the riblets have ro und outer ends . In numerous specimens collected fro m the same bed at
Lipnica Mala the relation D :d varies between 1.70 and 2.20, a nd the number of riblets in com ­
plete specimen s is 18 or 20. The riblets in all specimens are low and flat , some pointed outw ard.
In one incomplete specimen three riblets are jointed together similarly as in L. kulczyttskii,
One specimen (pl. 6, fig. 5) is somewhat different : its riblet s arc comp arat ively high and narrow,
its D :d = 2.0, and the number of riblets is 22.

A specimen termed "star-shaped hieroglyph" in the pap er of KOSZARSKI et al., 1961, pI. 1,
fig. 6) has 22 ribs, which are wide and round at the outer end , and D :d = 2.1 probably also
belongs here (accoiding to VIALOV'S scheme it should be a L. aff. kulczyn skii i.

Sediment . - Fine-grained , thin- bedded (the thickest 12 cm), horizontally laminated sand­
stones .

Associa tion. - At Lipnica Mala, where it occur s gregariously on one sole, it is acccmpanied
by other lorenzinias (L. perlata, L. curt icostata, L. tnoreae) , Helniinth oida miocenica and
numerous littl e tubercules and irregular strings.

Occ urrence. - Senonian - Cisna Beds: Jasliska, M ajd an ; Rop ianka Beds: Poreba Wielka
(colI. J. BURTAN), Limanowa (coIl. W. SZAJNOCHA), WoJa Brzeziriska , Siary. Pal aeocene-Lower
Eocene - Var iegated Shales : Lipnica Mala (KSIJ\ZKIEWICZ, 1968, pl. 5, fig. 3). Upper(?)
Istebna Beds : Po lichty (coIl. F. BIEDA , see NOWAK, 1956, pI. 18, fig. M).

L orenzinia kuzniari n. ichnosp.
(pI. 6, fig. 8)

1911. At ollit es carpathicus Z UB. , K UZ NIAR, p . 518, fig. E.
Ho lotype : colI. ZNG Cracow A-I-53/1. (pI. 6, fig. 8).
Lectotyp e: fig. E in K VZ NIAR, 19 11 (so mewha t redu ced in sca le).
Type locality : Wisnicz near Bochnia .
Type horizon : Lower lstebna Beds, Seno nia n.
Derivation (!( the name: in hon ou r of WIKTO R K UZ NIAlC

Mat erial: I specimen.

Diagnosis. - Hyp ichnial rosett e. Small areola encircled by outwardly enlarged rib lets with
rou nded outer ends .

Descriptions. - The greatest diameter of the star is 35 mm, the smallest 32 mm, D: d = 2·7.
The areo la is perfectly circu lar , its diamet er is 13 mm long . The riblcts, 18 in num ber , are la
to 12 mm long, 2.5 to 4 mm wide and 2-4 mm high. Many of them are widest near the outer
end. They are densely spaced .

Remarks. - In the shape of the riblets, the relation D: d and its well-pronounced relief
this kind differs from L. carpatliica.

VIALOV (1968) created a new ichnospccies L. gabellii for the stars with D:d = 2.30 to 2.60 .
He did not give any description, but two photograph s. In his pl. I, fig. 5 the holotype is re­
presen ted and fig 6 illustrates another specimen. There is a considerable difference between
these two specimens in the sculpture. In VIALOV'S fig. 5 the areol a is larger, the ribs arc thinner
and much less densely spaced. In fig. 6 the riblets are thicker, high and clavate with well rounded
outer ends , very much of the same shape as in the specimen of KUZNIAR. The number of the
riblets is identical. Therefore it is proposed to assign this specimen to L. kuzniari .

Sediment. - The specimen collected by KUZNIAR (191 I) occurs clear ly on the lower surface
of a fine-gra ined sandstone. The surface is covered with other small tr aces.

Occurrence. - Senonian - Lower lstcbna Beds: Wisnicz ; Ropianka Beds: Zar yte (coIl.
by S. WEIGNER, the specimen in the collecti on of Lw6w University, see VIALOV, pl, I, fig. 6).
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Lorenzinia curticostata n. ichnosp.
(pI. 6, fig. 11)

Holotypc : UJ TF 1365 (pl, 6, fig. 11).
Type locality: Lipnica Mala, the stream Linorka , nea r N owy Targ.
Type horizon : Var iegated Shales , Palaeocene .
Derivation of the name : Lat , curticostatus - with short ribl ets.
Material : 2 specimens.
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Diagnosis. - Hypichnial rosette with a very large areola surrounded by numerous short
riblets.

Description. - The hol otype is elliptical in outline, with a maximum diameter of 55 mm ,
and minimum diameter of 40 mm. The greatest diameter of the areola is 40 mm , the relation
D :d = 1·37. The ribiets are short and oval; the longest is 8 mm , the shortest 5 mm. They
are 1-2 mm high. The number of riblets is 22, but there is room for about four more.

In the other specimen, which is damaged, only half the star is preserved . Th ere are 17 riblets
in the circumference, slightly longer than half the ellipse. The length of the longest riblet is 7 mm.

Remarks. - According to the classification of VIALOV (1968) this kind with D:d = 1·37
is very near L. nowaki VIALOV, characterized by D:d = 1·40 to 1·70. VI ALOV does not present
any original material , but creates this ichnospecies on the basis of fig. N , pl . 18 of NOWAK

(1956) , in which three specimens are represented. In the best specimen the greatest diameter
of the star is 43 mm and of the areola 33 mm. This gives the relation D :d = 1·30 and does
not fall within the interval chosen by VIALOV for L. nowaki. The riblets are short, probably 21
in number (the picture is not very clear). This specimen seems to be very similar to L. curt i­
costata.

Sediment. - Fine-grained, thin-bedded (6 cm) sandstone, horizontally laminated.
Association. - Other lorenzinias (L. carpathica, L. per/ala, L. moreae) and numerous small

tubercules and ridge s.
Occurrence. - Palacocene-Variegated Shales: Lipnica Mala, the stream Linorka.

Lorenzinia kulczynskii KU ZNIAR , 1911
(text -fig . 12)

1911. A t ollites Kulczynski n. sp., K UZ NIAR, p. 519, fig. F.
Material : 'None (original specimen lost ?).

KUZNIAR (1911) created this "species" on the basis of an incomplete and dam aged specimen.
As he emphasized , thi s kind is similar to Atollites carpathicus. Its riblets are of the same length
but narrower. The main difference is that on the inward side the ribl ets are connected with a ring.

F ig. 12
Lorenzinia kulczynskii K UZNIAR (1911, F ig. F ). x I ?

Its D :cl = 2.06; the difference with L. carpathica is very small. Po ssibly thi s type should be
tre ated only as a "varieta s" of L. carpathica. Text-fig. 12 reproduced after KUZNIAR gives
a proba ble reconstruction of the specimen. The photograph in KUZNIAR'S paper is unfortunately
of a very low qu al ity.

Occurrence. - Senonian - Ropianka Beds : M ordarka,
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L orenzinia perlata K SIJ\Z KIEWI CZ , 1970
(pl, 6, figs 9, 10)

1970. Lorenzinia perlata ichnosp, nov., K Sl t\ Z KIEWI CZ , p. 313, fig. 7p .

Holotype: UJ T F 1103 (pl, 6, fig. 9).
Type locality: Lipn ica M ala , the st ream Linorka, near Now)' Targ.
T ype horizon : Var iega ted Shales, Palaeoccnc.
Derivation of IIIe name: Lat. per/a - pearl ; the areola is encircled by pearl-like tubercul es.
Ma terial : 3 specimens.

Diagnosis. - Hypichnial form con sistin g of subcircular or elliptical areola surrounded by
a wreath of tin y tubercules, almost ident ical in sha pe and size.

In th e holot ype th e areola is well delineated a nd elliptica l, with th e max imum di ameter
of 25 mm and the minimum dia meter of 17 mm. Th e wreath con sists of 22 tubercules. They
are of the same shape, round , up to 2 mm wide a nd no more tha n I mm high , equally spaced.
Th ere is one tubercule inside the areola, excentrically situated. Similar isolated tubercules
occur o uts ide the wreath of tubercul es sca tte red ra ndomly on th e sole.

In the second specimen the ar eola is also elliptica l (25 X 20 mm) , sur rounded by 22 tu ber­
cuics, slight ly larger than in the holotype. In th e thircl specimen th e areola is irregularly circular
and the tubercules a re not so densely packed . ' Two of them pass int o rib- like knobs.

Rem arks. - This type seems to be related to Lorenzinia moreae R ENZ, from which it differs
by the absence of an outer ring of ribs.

The specimen from Polichty illustr ated by N OWAK (1956, pI. 18, fig. M , upper right corner)
probabl y also belongs here. Th e areo la is 20 x 28 mm large, encircled by onl y 15 tubercules ,
but there are break s in the ring with room for at least three more tubercules.

Sediment. - Fine-grain ed , thin-bed ded, hor izontally lam inated sandsto ne 6 cm thick.
Associa tion. - In one bed together with L. carpatica, L. curticostata and L. moreae.
Occurrence. - Pala eocene - Variegated Shales : Lipn ica M ala, th e strea m Linorka ;

U pper( ?) Istebna Beds: Polichty (colI. F . BIEDA) .

Lorenzinia tnoreae RI:NZ , 1925
(pl, 6, figs 12, 13)

1915. Lorcnzinia ( Bassacuia) Morrac, RE NL, p, 220, fig. 1.
Mat erial : 2 specimens.

Description. - One specimen (pI. 6, fig. 12) is ellipt ical, 50 x 60 mm la rge, wit h an areola
22 mm wide . The inner circle con sists of 26 tubercules; five of these are doubled. Some of the
tubercules are t iny and round (0.5 mm wide), others a re larger , 5 mm long and I mm wide,
elliptical or doubled . In the oute r ring there a rc 21 tubercules, but judging from the ir spacing
at least four or five arc missing . Th ey a re less variable in sha pe than the tubercules of the inner
ring, predominantly ribl et-like, up to 6 mm in length .

Another specimen (pI. 6, fig. 13) is also elliptica l (35 x 30 mm lar ge) with an areo la 18 X 10 mm
broad . Th e inner ring con sists of 19 tubercul es (there is room for at least one more), not uniform
in size and shape. Som e are round , other elliptica l or doubled . Th e sma llest tubercules are below
1 mm , the largest 3 mm in diam eter. Some tubercules a re slightly nar ro wed in the middle.
The outer ring is com posed of 22 tubercules, slight ly elongated. Th e largest t ubercule is 4.5 mm
long and 1.0 mm wide.

Remarks. - The specimen in pI. 6, fig. 13 resembles th e type of R EN Z (I925) in its size and
sculpture. The doubling of some tubercul es in the inner ring is the onl y difference. A greater
difference exists bet ween the other specimen, pI. 6, fig. 12, mainl y in th e sha pe of some inner
tubercules which are form ed by the fusing of two t ubercules.

R ENZ (0. c.) tre ated his type as belonging to a subgenus of L orenzinia , called by him Bassaen ia
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which is characterized by a doubl e rin g of tuberculcs instead of a single ring of riblets, as occurs
in L orenzinia proper . In the Carpathi an material there exist types with one ring of tubercules
(L . per/ata) and types with both tubercules in the inner rin g and riblets in the outer ring,
described below as L. aff. moreae. This suggests close affinities between the single-r inged Loren­
z inia and the double-ringed Bassaenia. It seems th at either gro up may be joined together under
the name L orenzinia.

Sediment. - Fin e-grained , thin-bedded sandstones.
Association. - At Lipnica Mala together with L. carpathica, curticostata and p er/ata.
Occurrence. - Senoni an - Ropi anka Beds : Siekierczyna near Limanowa. Palaeocene-

Variegated Shales: Lipnica Mal a, the stream Lin or ka.

L orenzinia aff. moreae R ENZ
(pl. 6, figs 14- 16)

Material: 3 specimens.

Description. -The specimen in pI. 6, fig. 16 is a lmost circular, with a diameter of 45 mm .
The outline of th e areola is more elliptical , 22 x 16 mm . The almost complete inner ring
consists of 22 tubercul es, of which the largest is 3 mm wide. Some of th e tubercules are
doubled . The outer ring consists partly of tubercul es, partly of riblets, which are 10-11 mm
long. Their sha pe is not very regul ar. Th e riblets of the outer ring are higher (1.0-1.5 mm)
th an the inner tubercules (less th an 1 mm).

The specimen in pI. 6, fig. 14 is partly eroded (cut across by a flute). The areola is encircled
by round tubercules to which closely adhere the riblets of the outer rin g. Some of them end
with a tubercule on the outwa rd side . In the th ird spec imen (pI. 6, fig. 15) some of the tubercules
of the inne r ring are joined into a short wall. Th e outer riblets are marked by scarcely visible
swellings. Th ey do not tou ch th e tubercules of the inner circle.

It follows from thi s description th at there are con siderable differences between these three
specimens, but in a ll th ere ar e two rings, the inner tubercul ate , the outer consisting of tubercules
and/or riblets. They are related both to L. perlata and L . nioreae. Th e third specimen, with
a poorly developed outer ring, may be regarded as a link with th e former , and the first and
second as link s with the latter. The specimen in pI. 6, fig. 4, on the whole similar to L. car­
pathica, may be a link betwe en thi s ichnospecies and the types described , as its riblets end with
tubercules on the inner side .

Sediment. - Fine-grained , thin-bedded (6 cm) horizontally laminated sandstone.
Associa tion. - L. carpathica, L . curticostata, L. perlata and L. moreae. Numerous small

tubercules and thread-sized, often zigzag features.
Occurrence. - Palaeocene - Vari egat ed Shales: Lipnica Mala , the stream Linorka.

Ichnogenus Sublo renzinia K Sli\ ZKIEWICZ, 1968

Type ichnospecies: Sublorenzinia plana K SIt\ Z KIEWI CZ .

Diagnosis. - H ypichni al sta r-shaped form. Th e irreg ularly delineated areola is encircled
by a wreath of rib s, irregularly spaced and variable in size and shape.

Remarks. - Sublorenzinia differs from lorenzini as in the unequal length and variable shape
of the ribs . The size of the star is also much more variable th an in L orenzinia . The diameter
of the sta r ranges from 2-3 to 10 cm and even mo re. In some ichnospecies, now assigned to
Sublo renzinia, the ribbing is similar to that in Glock eria, i.e. th e ribs a re long and pointed out­
wards. For this group the present author (KSIi\ZKI EWICZ, 1970) proposed the term Asterichnus
used by NOWAK (1961), who gave neither description nor illustration, apparently using this name
for the stellate traces he had described earli er (1956, pis 13-16). The same name, however,
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was used by B AN DEL (1967) for epichnial rosetted traces, and since this author duly de scribed
and illustrated the type ichnospecies, the term 'A sterichnus in NowAK' S sense cannot be used
for the group in question . The ter m Subglockeria has therefore been proposed for stellate traces
with an areola and long, pointed ribs, to distinguish them from Sublo renzinia, in which the
areola is surrounded by short irregul arly oval rib s. Thi s term has been proposed for the second
edition of the "Treati se on Invertebrate Paleontology". At the tim e when this term was pro­
po sed it seemed that the re was a considerable difference between Subglockeria (= Asterichnus
NOWAK in K SIJ\ZKI EWICZ , 1970) and Sublo renzin ia, as seen by a compari son of the type ichno­
species Asterichnus (= Subglockeria) nowaki K SIJ\ZKIEWICZ (1970, fig. 7 d) and Sublorenzin ia
plana KSIJ\ZKIEWI CZ (1968, p . 9, pI. 5, figs 1-2 ; 1970, fig. 7e,f). Further research, how ever,
has discovered several intermediate types between the type ichn ospecies of either ichnogenu s.
This implies that rib shape is not a sufficient features to be used for a generic distinction, and
therefore Subglockeria has now been united with Sublorenzinia .

Sublorenzinia plan a K SIJ\ZKI EWICZ, 1968
(pl. 7, figs 4--8, text-fig. 13q, r)

1968. Sublorenzinia plana n. "sp," , KsI-iZKIEWICZ, p. 10, pl, 5, figs 1, 2.
Holotype: UJ TF 72 (pl. 7, fig. 4, see K SI-iZKIEWICZ , 1968, pi. 5, fig. 1).
Type locality : Porabka near Bielsko.
Type horizon: Lower Go dula Beds, Cenoman ian.
Derivation of the name: Lat. planus - /lat ; depressed ribbing.
Material: 16 specimens and 3 noted in the field.

Diagnosis. - Hypichni al rosetted groove-cast. Th e areola is surrounded by a wreath of
short ribs of vari able shape and size, disord erly although fairl y densely arranged around the
central field.

Description. - In the holotype the areola is elliptica l, 35 X 20 mm large. There are 26 oblong
ribs and knobs, densely spaced. The largest rib is 14 mm long and 5 mm wide. Both ends of the
ribs are round or feebly pointed . Th e ribs a re very low (1 mm) and smooth.

On the sole of the same slab there occur similar traces but smaller in diameter (text-fig. 13q I)
also with den sely arranged ribs , but some of them have fewer and more scattered and rounder
rib s (text-fig. 13q2). This shows the diversity of thi s tr ace, as there is littl e doubt that they all
were produced by the same organi sm.

There is considerable var iety in the size of the sta r and of the shape, size and spacing of th e
rib s in other specimens. The outline of the sta r is circular or irregularly elliptical. Most fre­
quently th e diameter of the sta r is 5 cm, but in very small specimens it is about 22 mm.

This tr aces occurs singly. Gregarious occu rrence on a single sole has been noted only in
one case.

Sediment. - Fine-grained, gra ded , gradati onally and hor izontally laminated sandstones,
generally of small thickness (excepti onally 35 cm). The soles are usually devoid of mechanical
marks , but the holotype specimen occurs on a sole with numerous sma ll flute casts and drag
marks.

Association. - Tiny strings and small tubercules simila r to th ose occurr ing in the sta r.
Taphrh elminthopsis cf. auricularis, Protopaleodictyon.

Origin. - In the holotype th e sta r is intersected by drag mar ks. Thi s points to a pre-deposi­
tional or igin, in such circumsta nces th at the sand-laden current hardly scoured the bottom,
and so the grooves made on the sea-bottom could have been pre served. In on e specimen (pl, 7,
fig. 7, right side) small flute casts sta rt from the tubercules of the sta r. Thi s means that the
depressions on the sea-bottom, made by the producer , initia ted the format ion of the erosive
furrows. Th is also indicates a prc -depositional origin. In most specimens there are no re-entrants
on the flank s of the ribs which pass almost impercept ibly into the sole. Th is does not repudiate
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th e pre sumption of a pre-depositi onal or igin. The trace is then a feed ing t ra il (= grooves made
in th e process of feeding).

Star-shaped traces with many radiating "rays" from the centre have been ph ot ographed
on th e sea-bottom in th e Indi an a nd Pacific Oceans. They are ascribed to polychaetes with man y
tentacles (HANTZSCHEL, 1970) o r to sipunculids (H EEZEN & HOLLISTER, 1971).

Occurrence. - This is a co mpara tively rare type. It seems to be mor e common in th e Godula
Bed s th an in any other unit.

Berri asian - Cieszyn Lim estone : G oleszow, Jaworze, Jasienica. Valan gin ian - Upper
Cieszyn Shales: Poznachowice. Hauterivian - Grodziszcze Beds: Wisniowa (the st ream
M ark ow), Poznachowice. Cenoma nian-Lower Godula Beds: Porabka, Ponikiew. T_uronian ­
M iddle G odula Beds : Poni kiew, Jaroszowice, Wisn iowa (slope of Mt. Ciecieri), Czchow,
Senoni an - Inocerami an Beds : Huwniki . Lower Eocene - Beloveza Beds: Sidzina (the hamlet
Drab owa). Middle Eocene - Hierogl yphic Beds: Osielec (Mt. Prz ykrzec), Tokarnia. Upper
Eocene - Magura Sandston e : th e star illustr at ed by F. SIMPSON (1970, pI. 11 , fig. 1 may belong
her c).

Sublorenzinia nowaki (KSIi\ZKIEWICZ, 1970)
(pl. 7, figs 1- 3, text-fig. 13f - p)

1970. Asterichnus nowak i n. ichnosp., K SI<\Z KIEWI CZ , p. 310, fig. 7d.
Holotype : UJ TF 650 (pI. 7, fig. I).
Type locality : Mordar ka near Limanowa .
Type horizon : Ropianka Beds, Senonian .
Derivation of the name: in honour of W IESI..AW .N o w AK, who first reported large star -shaped traces from the Car­

pathian flysch ,
Mat erial: 18 specimens.

Diagnosis. - H ypichn ial stellate full burrow. Th e areola is irregularly circular or elliptical
sur ro unded with a wrea th of stri ng-sized long ribs of unequal length, with pointed outer ends,
irregularly spaced .

Description. - In th e holotype the diam eter of t he sta r is 50 mm and th e areola is 28 X 10 mm .
The rib s are 17 to 25 mm lon g. Some of them h ave th e sha pe of elongat ed knobs. The ribs
ar e abo ut 5 mm wide at the inner end and 2-3 mm. high . The number of rib s is 10. On some
there is a delicat e tran sverse st riat ion.

Th ere is great d iversity in th e size of the sta r and in th e number a nd sha pe of the nbs, Some
specimens arc considerabl y lar ger th an th e holotype , like th at in text-fig. 13,f, which is 11 cm
wide with ribs, 37 in nu mber, reaching a length of 40 mm . Some of the r ibs arc dichotomous
a nd overlapping. Th e smallest spec imen has an a reo la 25 x 10 mm large ; its rib s, 20 in number,
are short, at maximum 15 mm long (tex t -fig. 13g). In some specimens one side of the star is
bett er developed th an t he other (text-fig. I3m, 0 , p). In all specimens th e ribs ar e high , in some
cases reaching a height of 8 mm. M any r ibs are more or less clearl y cylindrical, some are sub­
cylindrica l, but often with re-entr ants on th eir flanks. T he surface of the rib s is usually smooth .
In some specimens on e or two rib s arc delicately tra nsversally stria ted . In all occurrences the
t race occurs singly.

Sediment. - Fine-grained, thin-bedded sands tones, but the hol otype occurs on the sole
of a sandsto ne 35 cm th ick. T here is no rela tion between the size of the star and the thickness
of th e sa ndstone. Some specimens were collected from limestones. In one specimen the material
of the ribs is slightly coarser th an th at of th e host rock.

Association. - In many specimens th e sole i<; covered with riblets and knobs of very much
th e same shape and size as those of which th e sta r consists, but they are scattered in disorder.
N o overlapping of two stars has been observed .

Origin. - Th e presence of cylindr ica l ribs indicat es th at th e sta r is a po st-depositional full
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burrow. Many rib s, as already pointed out, are subcylindrical, and in some specimens full
cylindrical rib s occur side by side with subcylindrical ones. Pr obably, if the walls of the ex­
cavation mad e by the producer were well hardened with mucus, the cylindrical shape of the
fill was preserved, otherwise the filling fused with the covering sand . Unlike the producer of
Sublor enzinia plana , the originator of S. nowaki lived not on the bottom nor in the mud
just below the sea-botto m, but below the sand .

Occurrence. - Thi s type occurs in man y members of the Carpathian flysch, but in none
of th em is it frequent. It seems to be more common in beds of Cretaceous age.

Berriasian - Cieszyn Limestone: Goleszow (qu arry) , Kamienica near Bielsko. Valan­
ginian - U pper Cieszyn Shales: Jaworze, Raciechowice. Cenom anian - Lower Godula Beds:
Rzyki near Wadowice. Turonian - Middle Godula Beds: Rzyki near Wadowice, Wisniowa
(a stream on the slope of Mt. Ciecieri). Senonian - In oceramian Beds: Rzeki; Skrzydlna Beds:
Wierzbanowa; Upper God ula Beds: Mucharz (th e strea m Jamnicki); Ropianka Beds: Szczawa,
Polrzeczki, Mordarka, Kaclowa, Lower Eocene - Beloveza Beds: Sidzina (th e stream Glaza).
Upper Eocene - Magura Sand stcn e: Klimkowka.

Sublorenzinia pustulosa n. ichnosp.
(pl, 7, fig. 9 ; text-fig. 13s, t)

Holotype: DJ TF 129 (pl. 7, fig. 9; the specimen was collected by K. W6JCIK in 1903).
Type locality : Kras iczyn, near Przemysl,
Type horizon: Inoceramian Beds, Senonian .
Derivation of the name : Lat. pustulosus - pimply; the blister-like shape of the ribs.
Material: 6 specimens.

Diagnosis. - Hypichnial star- shaped full burrow. Areola of vague outline surrounded by
a wreath of short wide loosely spaced rib s.

Description. - In the holotype the greater diameter of the areola is 14·5 cm. Its outline
is irregular, rather oblong. The rib s do not begin from a better defined curve, as is the case
in other ichnospecies of Sublorenzinia. The y are short, of unequal size: the largest is 25 mm long
and 10 mm wide, the smallest 5 mm long and only 3 mm wide. The ribs have a rather elliptical
outline; either both their ends are rounded, or the outer end is feebly pointed. These ribs
apparently occur in two circles. In the inner circle there are four sma ll knobs, in the outer
nine rib s. Th e spacing of the ribs is irregular, but thei r longer axes are disposed radi ally . The
outer circle is not complete; in one part of the ring there are no ribs at all. The surface of several
ribs show distinct transverse striat ions feebly curved in an outward direction.

The largest specimen is of ellipt ical outline, 26 cm long and 18 cm wide. It s areola is 11 X 7 cm,
encircled irregularly by numerous bu t loosely spread oblong knob-like ribs, in an approximately

Fig. 13
Stellate traces

0 -0 Capodistria vettersi VIALOV; ~ VETIERS, 1910, fig. a ; fbi Przenosza, Skrzydlna Beds. DJ TF 1137; lel Zaryte,
Variegated Shales. UJ TF 1436; @f K 'lcIowa, R opianka Beds~UJ TF 958; 0 Chyzowki, R opianka Beds, DJTF 671.
[B-@] S ublorenzinia nowaki (KSIJ\ZKIEWICZ) ; ifi Golesz6w, Cieszyn Limestone. UJ TF 1157; lii Ra ciechowice, Upper
Cieszyn Shales. UJ TF 216; Thi Wicrzbanowa.Skrzydlna Beds. UJ TF 1705; mRzyki near W-;dowice, Lower Go dula
Beds. UJ TF 256; jkj Limano-;a, Ropianka Beds. DJ TF 655; mRzeki , Inoce~amian Beds. UJ TF 215; Iml Ka clowa,
Ropianka Beds. UJ-TF 1126; ElP6lrzeczki, Ropianka Beds. UJ TF 1155; 8 Szczawa, Ropianka Beds. UJ TF 1154;
@] (aff.) Sidzina, Beloveza Beds, UJ TF 201; E!l-0 Sublorenzinia plana KSIJ\ZKIEWICZ; ql Porabka, Lower Godul a Beds.
UJ TF 72. q2 Porabka, Lower Godula Beds, UJ TF 446. ~ Hu wniki, Ino ceramian Beds. UJ TF 939; iSi-TiT Sublorenzinia
pustulo sa n. ichnosp. ; 0 Huwniki, Inocerami an' Beds. UJ TF 943; El Wierzbanowa, Skrzydlna B~s~UJ TF 1177;
0-0 Sublorenzinia pusilla n, ichnosp. : §j Kaclowa, Ropianka Beds (field drawing); IwI Grzechynia, Hieroglyphic Beds,
UJ TF 136; El Skomielna Czarn a, Hieroglyphic Beds, UJ TF 931; 0 Kaclowa, Ropi ank a Beds, UJ TF 971; iYi-fZi Gloc­
k eria disordinata n. ichnosp. : III Karnesznica, Upper Istebna Beds, UJ TF 1840; 0 Tabaszowa, Upper Istcl,n~ Beds,

UJ TF 1524. All figures x 0.5

7 - Palaeontologi a P olon Ica No. 36
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radial arrangeme nt. On one side of the areola th ere is only one row of knob s, and on the ot he r
the ribs occur in d isorder. Several rib s are t ransversa lly striated .

In the sma llest specimen (text-fig. 13s) the areo la is only 9 x9 '5 cm large. On one side it is
bordered by a single row of knob s, whereas on th e other th e knob s are irregularly placed in
more than one row. On the ribs , very irregul ar in shape, no transverse striation is discernible.

Th e specimen pictured in text-fig. 13 t is assigned here with caution . Only half of the star
is developed , with the rib s apparently arra nged in two semi-circlets. The rib s are short, without
sculpture, and severa l are pointed outward.

Remarks. - Th e sha pe of th e ribs is not unlike th at of Sublorenzinia plana, but their loose
arrangement is d ifferent. Th e distincti on of thi s type from S. plana is obvious when the holot ypes
ar e compar ed: th e mostly poin ted ribs an d their de nse spac ing in S. plana contrast with round
loosely scattere d ribs of S. pustulosa. In add it ion, S. plana is a cast form , and S. pustu losa
a full bu rro w. Neverthel ess, there are some doubtful cases, exemplified by the specimen in
text-fig. 13q2, collected from th e same sole on which the holot ype of S. plana occurs.

Sediment. - Th in-bedded (up to 6 cm), fine-grained , horizontally lam inated sandstones.
Association. - Us ua lly numerous th read-sized ridges and knob s similar to those occur ring

111 the sta r.
Origin. - 1n all specimens th e ribs a re full burrows ; th is indicates a post-depositional or igin ,

simi lar to that of S . nowaki. The producer was an ani ma l, presum ably a polychaete worm ,
living in mud below th e sand cover an d foraging in it radia lly.

Occu rrence. - Cenornanian - Lower Godula Beds: Pon ikiew. Turoni an - Middle Godula
Beds : Wisniowa. Senoni an - Inoceramian Beds: Krasiczyn , H uwniki ; Skrzydln a Beds:
Wierzban owa .

Sub lorenz inia pus illa n. ichnosp.
(p l, 7, figs 10, 11; text-fig. 13/1, w, V, x)

Holotype : UJ TF 97 (pI. 7, fig. 10).
Type locality : Sro mowcc Wyzne, Pieniny.
Type horizon : Sromowce Beds, Lower Senonia n.
Derivation of the name: Lat. pusillus - very sma ll.
Ma teria l: 11 specimens.

Diagnosis. - Hypichn ial full (?) burrow. The areola, relatively large, is s urrounded by
a circlet of short radiat ing tiny riblets an d tubercules, vari able in shape and dim ensions.

Description. - In the holotype th e are ola is nearl y circular, 13 mm in diameter. The circlet
consists of 22 riblcts which are sho rt (the longe st is 5 mm) , thickened at/or near the inner cnd
and more or less dist inctly pointed at the outer cnd . Som e riblets are elongated little tubercules.

On the same slab on which occurs th e specimen described there is also one half of another
ident ically sha ped rose tte d tr ace.

Th e specimen in text-fig. 13x shows a more irregular shape, its areola is rather elliptica l,
the riblers sho rt, narrow, and irregularl y spaced. The specimen in pl. 7, fig. 11 has a feebly
elliptical areola surrounded by 17 riblets of unequ al length (the longest is 5 mm) , replaced
on one side by sma ll tubercules,

Remarks. - S. pusilla may be rega rded as a miniature of S. nowaki . Except for the Senonian
Ropianka Beds (where S. pusilla is very rare) th ese two typ es do not occur together. Th erefore
it is not presumed th at S . pusilla is a str uctur e made by a juvenile individual belonging to the
same species which produced S. nowaki.

Sediment. - F ine-gra ined , thin-bedded (the thickest 7 cm), horizontally laminated
sands tones.

Associat ion. - Us ually th read s, ribl ets and tuberculc s of similar shape as in the ro sette.
Also Acanthorhaplie delicatula, Heltninthopsis tenuis, and Sabularia, which may int ersect the sta r.
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Origin. - The very sma ll dim ensions do not allow it to be said for certain whether the
ribl ets are groove casts or full st rings . Th e pre sence of re-entran ts arg ues ra ther for a post ­
depositional origin.

Occurrence. - Senonian - Sromowce Beds: Srornowce Wyzne ; Rop ianka Beds : Kaclowa.
Palaeocene - Szczawnica Beds : K roscienko on the river D unajec (cf.) . Lower Eocene - Belo­
veza Beds : Letownia G6rna. Middl e Eocene - H ieroglyph ic Beds: Grzechynia, Skomielna
Czarna.

Ichnogenu s Capodistria V IALOV, 1968

Type ichnospecies: Capodistria vcttcrsi V IALOV.

Remarks. - Th e creat ion of th is ichn ogenus, with on ly one ichnospecies, is based on a n
inc omplete specimen illustrated by V ETTERS (1910, p . 131, fig. a). It is a stellate trace with
a poorly delineated areola enci rcled by a few rib s vari abl e in sha pe and size. There is a knob
in th e centre of the are ola . VIALOV does not ment ion the existence of any eo-types or other
lcctotypes.

T he present autho r (KSI.\ZKIEWICZ, 1968, p . 9) noted the presence of rosett ed tr aces with
long rib s an d a cent ral field with a tubercul e in the cent re. Th ese types were joined to gether with
other similar stellate forms, but with out th e centra l knob , under th e na me As tericlinus NOWAK

(now assigned to Sublorenzin ia, see above).
It may be debat abl e whether th e distinction of th ese two ichnogenera is actua lly justified .

Th e shape of the r ibs a nd their a rra ngement arc very mu ch the same. Th e on ly d ifference is the
presence of the central kn ob. In some cases its pre sence may be fortuitous, as th e soles with
stellate t races are usually spott ed with tu bercules scattered in d isorder. Th e central knob might
have been formed no t when the animal was producing its rad iat e gallery system, bu t before
or afte r the form at ion of the ro sette. On the other hand , th e central knob may rep resent the
filling of the outlet of the hab itat ion hole of th e pr oducer. Pr esumabl y the producers of similar
ste lla te forms al so d ug around from a hole which served th em as a temporary shelter. T he
filling of the outlet might have a lso been accidental .

With these reser vations th e term Capoilistr ia is used here for traces of close affinity with
Sublorenzinia .

Capodistr ia vettersi V IALOV, 1968
(pl, 7, figs 12, 13; text - fig. 13a- e)

1968. Capodistria vettersi V IALOV, V IALOV, p. 337, fig. 4.
Material : 6 specimens.

Description.-The spec imen in pI. 7, fig. 12 is th e most similar to th at of V ETTERS, but like
th e latt er, it is also incomplete . Th e star is more unilaterally formed . It has 7 longer rib s (in
Vetter's specimen th ere are 9) a nd a few sma ll knobs. The length of the rib s ran ges from 5 to
20 mm, their width is up to 4 mm, th eir height is 2-3 mm . The surface of th e ribs is smooth.
Th e areola is ova l, and the longer d iam eter is 25 mm (in V ETT ERS' spec imen about 20 mm) .
Th e ribs are slightly pointed outwa rds, not so sha rply as in V ETT ERS' illu strati on. The
central knob is 4 mm in d iam eter. There are d ist inct re-ent rants on th e flanks of the knob
a nd on some ribs.

The specimen in pI. 7, fig. 13 is mu ch lon ger. Its areola is 50 mm wide encircled wit h a wreath
of 11 rib s, most of th em lon g. On one side of th e sta r the ribs are ma rke dly longer th an on
the other. Th e length of th e r ibs varies between 5 and 45 mm , some of th em are clearl y cylin­
drical. The central kn ob is sma ll (3 mm) and Iow.

One specimen (text-fig. 13b) has three tubercules in th e central field.
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Remarks. - The variability in the size and ribbing in the collected material is considerable,
as in all sublorenzinias. Some are very much like Sublorenzinia nowaki, practically differing
from it only by the presence of the central knob.

The star-like trace with a small ai eola and a distinct central tubercule described by GROS­
SHEIM (1961) may also be assigned to the type described.

Sediment. - Fine-grained , thin-bedded (up to 12 cm), graded or horizontally laminated
sandstones. In one specimen the ribs consist of coarser grains than the host rock.

Association. - Bergaueria prantli (pI. 7, fig. 12), isolated riblets, tubercules, winding strings.
Origin. - The cylindrical shape of the ribs in some specimens and the re-entrants on the

flanks of the ribs argue for a post-depositional burrowing. The central knob may mark the
outlet of the habitation hole of the animal (polychaete?) working below the sand.

Occurrence. - This is a very rare trace fossil.
Cenomanian - Lower Godula Beds: Jaroszowice. Turonian - Middle Godula Beds:

Rzyki near Wadowice (the stream Doliny). Senonian - Skrzydlna Beds: Przenosza; Ropianka
Beds : Grybow, Kaclowa, Palaeocene-Lower Eocene - Variegated Shales: Zaryte, (a stream
on the slope of Mt. Lubon),

Ichnogenus Glockeria KSIJ\ZKIEWICZ, 1968

Type iclmospecies: Glockeria glockeri KSIJ\ZKIEWICZ.

Diagnosis. - Hypichnial star-shaped form consrsting of ribs radiating from a centre, to
which all or some of the ribs are joined. Small ribs may intercalate between the main ribs.
Outline of the star is irregularly circular.

Remarks. - This ichnogenus is established on the basis of a star-like unnamed and unde­
scribed trace fossil collected by GLOCKER in the Moravian Carpathians and illustrated by
SEILACHER (1955, text-plate, fig. 89). The manner of the central junction of the ribs is variable:
either all ribs join at the centre and may form a central knob, or only a few are joined and the
others are intercalated between them. The ribs are of variable length and may be dichotomous.

In the same year in which creation of the ichnogenus Glockeria was proposed, VIALOV
introduced a new "genus" Stelloglyphus (VIALOV, 1968, p. 335). It is apparently comparable
with Glockeria. There are some differences: the ribs are more clearly joined in the centre, the
centre seems to be elevated although there is no central knob, the ribs are larger and shorter.
These features may indicate differences at a specific and not generic level.

The division of Glockeria into ichnospecics is based on the shape, dimensions and density
of the ribbing.

Glockeria glockeri KSIJ\ZKIEWICZ, 1968
(pI. 8, fig. I, pl. 9, fig. 1)

1968. Glockeria glockeri n. "sp. ", KSIJ\ZKIEWICZ, pp. 9 and 15.
Holotype: UJ TF 95 (pI. 9, fig. 1).
Lectotype: SEILACHER, 1955, fig. 89.
Type locality: Golesz6w, main quarry, near Cieszyn.
Type horizon: Cieszyn Limestone, Berriasian.
Derivation of the name: in honour of E. F . GLOCKER who first collected this type of traces in the Carpathians.
Material : 3 specimens and a few occurrences noted in the field.

Diagnosis. - Hypichnial large stellate full burrow composed of numerous string-sized ribs
pointed at the outward ends. The ribs are almost straight, of unequal length and for the most
part unbranched . Only a few ribs join one another in the centre; most of them begin at some
distance from it.
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Description. - In the holotype the outline of the star is nearly circular, with a diameter
of 17 cm. From the centre there radiate 12 ribs. Some of the ribs are joined two or three together,
others begin singly close to the centre. There are small knobs at the jonction of the ribs. There
are already 40 ribs midway from the centre, since several begin at some distance from it. The
maximum width of the ribs is 5 mm. The inner part of the star is vaulted. This vault, oval in
outline, is 6 to 7 cm in diameter. Many ribs begin at the edge of the vault.

The largest specimen (pl. 8, fig. 1) is elliptical in outline, with a greater diameter of 20 cm
and a smaller of 12 cm. The star consists of more than 40 i ibs counted at its periphery. Several
ribs begin at a good distance from the centre. Near the centre two or three ribs join together,
but most of them end singly. In one place one rib overlaps another. The transversal striation
seen on the surface of some ribs is very delicate and densely spaced. Many of the ribs are clearly
cylindrical. They are affixed to the underface. In some the material is slightly coarser than in
the host rock.

Remarks. - Large star-shaped traces from the Polish Carpathians were first described
by NOWAK (1956).

Sediment. - Fine-grained, graded and horizontally laminated limestones. The thickness of
beds with this type does not exceed 15 cm.

Origin. - Large rosetted traces of similar shape were described by CLARKE (1924). He
ascribed their origin to "worms", which protruded radially in all directions around their habi­
tation hole or tube, and looped back their bodies, thus creating a radiating system of grooves
on the sea-bottom. He interpreted these traces as moulds of the grooves when the grooved
sea-bottom was covered by sand. CLARKE also presumed that similar types might have been
produced by some many-tentacled annelids; the animal might have moved along the bottom
and stopped to flap its armed head back and forth . The dichotomy of the ribs according to
TRUSHEIM (1930) indicates "worms" as producers. NOWAK (1956) also ascribed the origin of the
star-like forms he described to the action of "worms" .

Glockeria glockeri represents a radiating system of full burrows, and not a radiating system
of groove casts , as in the case described by CLARKE. The trace is then a post-depositional
feeding burrow, and was formed not on the sea-bottom as a feeding trail , but by an animal
working along the clay/sand interface, as is shown by the cylindrical shape of the ribs. It might
have been a polychaete which by means of its extensible proboscis burrowed horizontal ex­
cavations and suhsequently filled them by "waste stowing" (SCHAFER, 1972). The striae on the
ribs are probably peristaltic. Some of the ribs are subcylindrical. It is possible that, if the walls
of the excavations were not sufficiently hardened with mucus, the filling material fused with
the covering sand, or the roof of the excavation collapsed. It is also possible that during the
process of digging and stowing the animal removed a good portion of the sandy material above
its habitation hole and formed the vaulted cave seen in some specimens (pI. 9, fig. 1). When
this cave was formed the animal started to excavate from the edge of the vault.

Single occurrence of this trace suggest that the producer was solitary in habit.
Occurrence. - Berriasian - Cieszyn Limestone: Gole szow (main quarry), Godziszow.

Valanginian - Upper Cieszyn Shales: Wilamowice. Hauterivian - Grodziszcze Beds: Rudzica
(NOWAK, 1956).

Glockeria sparsicostata KSIJ\ZKIEWICZ, 1968
(pI. 9, fig. 3)

1968. Glockeria sparsicostata n. "sp.", KSI~ZKIEWICZ, pp. ID, 15, pl, 5, fig. 4.
Holotype: UJ TF 210 (pl. 9, fig. 3).
Type locality: Zawoja, the stream Konskie.
Type horizon: Ropianka Beds, Senonian.
Derivation of the name: Lat. sparsicostatus - with few ribs.
Material : 1 slab with 2 specimens, taken from a sole on which this trace occurs gregariously.
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D iagnosis. - H ypichnial sta r with ribs rad iat ing from the centre. Th e ribs, few in number ,
are straight and point ed toward s th e periphery of th e star. A few shot t ribs are intercalated
between the main ribs.

Description. - In th e holotyp e the sta r consists of 9 lar ger ribs, so me of wh ich are joined
in the centre . Th e d iam eter of the star is 8.5 cm. It s cent ra l part is nearl y 2 cm high . Th e length
of the ribs ran ges from 3 to 4 cm, their grea te st width is 4 mm. Th e inte rca lated ribs are few,
short and Iow. The ribs a re subcyl ind rica l a nd some are somewha t lo ngitud inall y stri ated.

The holotype is th e la rgest speci men, oth ers arc smaller and have a sma ller number of ri bs.
In th e hol otype and in some ot her speci men s th e ribs arc filled with somewhat coarser

grains th an th e host rock.
Sediment. - M ed ium-gra ined , graded sandstone, 15 cm thi ck .
Origin. - Post-deposit ional feed ing burr ow , prob abl y formed in th e sa me way as G. glock eri,

but th e an imal mu st have had some sort of longit ud inal orname nta tion, warts or spines on its
body, or was provided with a longit ud inal muscu lat ure (p riapul id?) and was probably gregarious
in hab it .

Occurrence. - Senonian - R opianku Beds : Zawoja (the str eam K orisk ie).
'.

Glockeria disordinata n. ichnosp.
(pl . 9, fig. 2; text-fig. 13y, z)

Holot yp c : DJ TF 1735 (pl, 9, fig. 2) .

Type locality: Krzeszow, M t. Harariczykowa , near Sucha Beskidzka .
Type horizon : Up per Istebn a Beds, Palaeocene.
Derivation of the name : Lat. disordinatus - no t orde rly; the irregula r shape of the trace an d r ibbing.
Material: 3 slabs, each with numerous traces. A few occurrences noted in the field.

Di agnosis. - Hypichnia l sma ll srcllatc full bu rrow composed of a few wind ing and bran ­
ching rib lets , joined in the centre and pointed ou tward s. G regar ious .

Description. - Th e d iam eter of the star tak en for th e holotype is 25 mm. The sta r con sists
of 7 riblet s of various length (10-15 mm) , 2- 3 mm thick. They jo in in t he centre, which is slightly
depressed . The ribl ets are somewhat curved . The relief of the sta r is relat ively marked, it is
abo ut 3 mm high in the centre. The sta r occurs on a sole cro wded with other sim ilar traces.

The outline of th is stellate form always tend s to be elo ngated . The ribbing is ir regul ar,
some ribs are m uch longer th an others wh ich may be red uced to sma ll kn obs. A rou gh tra ns­
verse striati on ma y be noticeable on so me rib s. T his t race always occurs gregari ou sly, the sta r
a re close to on e a not her, so that the ribs of one sta r may touch th ose of the neighbouri ng sta r,
but there are no clear ca ses of overl apping.

Sediment. - Fine-grained, horizontall y or current-ripple laminat ed sandston e, up to 4 cm
thick.

Occurrence. - Th is t race seems to be limited to the Upper l steb na Bed s (Palaeocene) :
K ameszn ica , K rzeszow , Targoszow, Tabasz owa.

Glockeria parvula KSII~ZKIEWICZ, 1970
(pl. 8, fig. 3)

1970. Glockeria parvula ichnos p. nov., K SI<\Z KIEWI CZ , p. 312, fig. 7c.
Holotype : UJ TF 108 (p I. 8, fig. 3).
Type locality: Lipnik near M yslcnice.
Type horizon : Skrzydlna Beds , Scnonian ,
Derivation of tire name : Lat. parvulus - sma ll.
Material : 2 specimens.

Di agnosis. - Hypichnial small stell at e cast , consisti ng of a central cone from which radiate
a few short straight thin ribs. A tiny crat er- like p it is situated at the top of the cone.

D escription. - In the ho lotypc the central knob is 6 mm high and the diameter of the star
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is 4.5 c m. Th e ribs, 8 in number, a re up to 18 mm long and o nly 2 mm wide. There are t inY
kn ob -shaped ribl ets int ercalated between th e main rib s. One side of t he star is bett er deve loped
th an the other, but thi s is most probably due to posteri or sco ur ing. The pit in th e top of th e
central knob is 1.5 mm wide and 1 mm deep .

Th e other specimen is almost identica l but much sma ller (8 mm in d iam ete r) a nd a lso has
one side better developed.

Remarks. - Th is form was described by th e present aut ho r (KSlt\.ZKI EWICZ, 1960, p . 746 ,
pl, 3, fig. 10) as a "rosett cd trail" . A similar trace is rep orted by TANAKA (1971) from the Albian
flysch of Jap an . It differ s in its sma ller size (3 cm) and the number of ribs (9).

Sediment. - The hol ot ype spec ime n occurs o n th e so le of a fine-grain ed , single-cur rent
bedded sa ndstones , 3 cm th ick .

Associat ion. - With Urohelmintltoida dertonensis.
Origin. - The trace seems to be pre-dep osit ional, as implied by th e ribs, which are not

cylindrical and have no re-entrants. The current covering the tr ace with sand might have partly
eroded and ob literated the grooves, so that on e side of the sta r is worse preserved . The inter­
pretation previously advanced (KSIt\.ZKI EWICZ, 1960, p . 746) may be repeat ed : the trace might
have been formed by a n anima l (polychaete ") living in a ho le on the sea -floo r. It grazed aro und
in all directi ons, pr odu cing gro oves (now ribs). Th e litt le pit on the top of th e cone may represent
th e terminat ion of a t ube in which the an imal lived , and, when th e hole was being filled with
san d , th e a nima l was sti ll in th e sha ft , slightly protruding above th e bottom of the hole.

Acco rd ing to the etholog ica l term inology used in thi s pap er , th is t race represents a feed ing
tr a iI.

O ccurrence. - Senon ian - Sk rzydlna Beds: Lipn ik near M yslen ice, Skrzydl na .

Ichnogenu s Fascisichnium K Slt\.ZKIEWICZ, 1968

Type ichnospecies: Fascisichnium ex tentum K SII\ZKI EWI CZ , 1968.

Diagnosis. - R ibs arra nged serni-radially in a bundle (" fascis") around an empty central field.

Fuscisichnium cxtentum KSI/).ZK IEWICZ, 1968
(p l. 8, fig. 4)

1968. Fascisichnium cxtcndum n. "sp." , K SI,\ Z KIEWI CZ , p. 10, pl. 6, fig. I.
llolotyp c: UJ TF 1567 (pI. 8, fig. 4).
Type locality: Lipni ca M ala near Nowy Tar g.
Type 1I0ri::01/: Variegate d Shales, Palacoccnc,

Derivation of the name : Lat. ext entum :-: exte nded; the spread arrangement of the ribs.
Material: 3 speci mens an d a few occurre nces noted in the field.

Diagnosis. - H yp ichn ial serni-rosetted cast con sist ing of arrow-like ribs spread on th ree
sides of a large oblong centra l field.

Th e ho loty pe is about 10 cm long and up to 4.5 cm wide . T he cent ral field is I cm wide,
narrow ing towar ds one end . The slightly curved ribs, 22 in num ber , a re 0.5 to 1.5 cm, so me
even 2 cm lon g. Th ey are 4 mm wide at the base a nd sharply pointed a t the outer end . Like
their length , their spac ing is also irr egular. T he arra ngement of t he ribs is simila r to a bundle
(fascis) of scattered rod s, as if they were branching off from a point sit uated o utside t he central
a rea . Oth er specimens are similar, a ltho ugh th ere is some diversity in th e shape of the bundle
and th e number of the r ibs .

Sediment. - Fine-grained , thin bedd ed (up to 15 cm) sa ndstones, horizonta lly laminated.
Associa tio n. - In one instance Helicolithus satnpelayoi.
Origin. - In all specimens th e ribs seem to be casts, an d th erefore a pre-deposit ional orig in

ma y be pres umed. The semi-rad iate ribbing resembles th e arrangement of scrape marks made
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by the inh alant sipho n of some lamellibranchs, e.g. M acoma baltica, on th e sediment surface
(SCHAFER, 1972). An other possible explana t ion would be th e assignme nt of thi s trace to the
act ivity of some sessile hydr omcdusae scrap ing the sea-bott om unil aterally with th eir tent acles
when searching for food.

Occurrence. - Senon ian - Inoceram ian Beds : Wola Romanowa ; Ropi an ka Beds : Mszan a
Dolna ; Jarrnuta Beds: Jaworki, th e stream Sztolni a . Palaeocene-Lowcr Eocene - Vari egated
Shales: Lipnica Mala. Middle Eocene - H ieroglyp hic Beds: Komaricza.

Ichnogenus : Astericlinus BANDEL, 1967
Astericlinus aff. lawrencensis BANDEL, 1967

(pl, 9, fig. 4)

1967. Asterichnus lawrencensis n. sp., B ANDEl , p. 2, pIs 1, 2, figs 4, 6, text-figs 2, 3.
Mat erial: 1 slab (UJ TF 79) with 2 specimens .

Description. - The better developed specimen, roughly circular in outline, is 5 cm wide
and con sists of 15 grooves. Thi s is an epichnia l str ucture . In the centre of the star there is
a round sha llow hole, 1 cm wide , from which radiat e grooves of variab le length (12-20 mm),
up to 4 mm wide. All are of somewha t petaloid shape, becoming larger towards the periphery
of th e star. Near th e centre th e grooves overlap one ano ther, but there is no branching. The
grooves are lined with a black silty substa nce .

Outside the sta r there are ro und or oblong shallow depressions. Th e axes of the oblong
hol es are concordan t with th e direct ion of th e grooves in the rose tte .

On the same surface there is a similar sta r-shaped tr ace, less dist inctly developed .
Remarks. - The specimens a re very similar to the trace described by BA DEL, but are

smaller (BANDEL'S specimens are 4 to 12 cm wide) . Th e widt h of the grooves is almost the sam e
and th eir number is within the range he gives (10-30) . The grooves in BANDEL'S tr ace a re filled
with cylindrica l st rings; no such strings have been found in our mat erial , but thi s may be due
to the sta te of pre servati on.

Sediment. - Fine-grain ed sandstone, 3 cm th ick.
Origin. - According to BANDEL the trace was produ ced by an anima l living in the mud

covering the sandstone and foraging along th e sand/clay interface. The round holes beyond
the star ar e also prob aly tr aces of th e act ivity of the same anima l. Th e trace is not un like the
ro sette of Gyrophyllites. It is possible that the anima l worked down .in a manner similar to that
which produced the Gyropliy llites structur es, and the rosette may be the lowest whorl of the
helicoidal vertical bu rrow. If it is only a surface tr ace, its or igin may be due to various potentia l
makers, as not on ly cert ain types of "worms" but also crab s may produce stellate traces. Ac­
cording to TRUSHEIM (1930) th e lack of b ranching rather suggests crab s.

Occurrence. - Valanginian - Upper Cieszyn Shales : Raciechowice.

Ichnogenu s Gy rophyllites G LOCKER, 1841

Type ichnospecies: Gyrophyll ites kwa ssizensis G l OCKER (HANTZSCHEl, 1962).

Gyrophyllites k wassizensis GLOCK ER, 184I
(pI. 8, fig. 2)

1841. Gyrophyll ites kwa ssizensis, G LOCK ER, p. 322.
M aterial: 18 specimens an d many occurre nces noted in the field.

Description. - The rosette s are 3- 5 cm in diameter. The leaf-shaped fur rows are up to
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20 mm long in th e lowest whorls. They are lined with an argillaceous substa nce, usually darker
in colour th an the surround ing ro ck . In some specimens th ere are som e rough transverse stria­
tions on the furrows. Th e number of furrows varies on the same level and becomes small er
towards th e top of th e cone. In most cases th e ste llate furrows occur on one level onl y. In these
specimens the upp er whorl s have evidently been removed and only the lowest storey of th e
co nica l burrow has been preserved.

Th is tr ace commonl y occur s on the upper sur faces of fine-grained silty layers in the form
of round depressione 2-3 mm deep (K SIJ\ZKIEWICZ, 1968, figs 5, 6). In som e instances these
depressions may be ]- 2 cm deep.

Th e upper sur faces of sandstones or siltstones are crowded with thi s trace. Th e ro settes
occur nea r one another , occasionally in close contact , but onl y rarel y overlap one an other.

Remarks. - The mater ial corresponds well with th e description and the figure given by
GLOCKER. The "s tem" of G LOC KE R'S figure is also seen in the form of a cylindrical burrow.
It may mark th e path of the anima l when it left one rosett e-l ike burrow for an other p lace to dig
out another rosett e.

Not unc ommon are cro ss-sections of Gyrophyllites structures occurring in siItstones or mar ls,
corresponding well to th ose illustrated by FUCHS (I 894).

Sediment. - Siltstone s overlying sandstones, also upper surface of sandstones.
Ori gin. - Traces of thi s kind have ofte n been described as imprints of scyphozoa ns, altho ugh

FUCHS (1901) showed that th e medusa-like form Medusina geryo noides von HUENE ma y belong
to Gyropliyllites. ZAHALKA ( 1927) dete rmined a form similar if not identical to Gyrophy llites
as Palaeosemaestoma geryono ides von HUENE. M ore recently SLJ\CZKA (1971) described very
similar traces under name Dactylodiscus besk idensis n. sp ., con sider ing them to be imprints
of medusae. Th e find s both of ZAHALKA ancl of SLI~CZKA were mad e in beds of the same age
and type in wh ich th e material described was collected, namely in the Senoni an Lower Istebna
Beds.

Th e traces descr ibed cann ot be imprints of medu sae. Thi s is indicated by : (I) the depression s
on the upper surface of san dsto ne beds ; it is hardly possible th at the soft body of a rnedu sa
when sun k on th e sea-bottom co uld make a hole 1-2 cm deep , (2) th e sp iral arrangement of
furrows in several whorls one above another, (3) the spacing of the rosettes with no overlapp ing ;
it is hardl y imaginabl e th at if the medusae sank to the bottom or were brou ght by a current ,
they would sett le and rest on the bottom with no overlappin g. The absence of overlapping is
easi ly explainable on the assu mption th at th e rose tt es are burrows: burrowers generally avoid
burrowing in places affecte d by previou s burrowing. Th e occurrence of th e tr ace on the top
of a current-b edd ed sandsto ne is no proof that the medu sae were brought by the current .
Thi s position only impl ies th at the anima l stopped its downward burrowing when it reached
th e sand .

According to SCHAFER (1972, p . 187) rnedusae of all kinds are heavy eno ugh to form moulds
only whe n th eir bodies are dry, so th at the imp rint s of medusae may be expected only on the
beach es and tid al flat s. Wh en dead medusac sink to th e sea-bott om th ey have much buoyanc y
th at they ca n mad e onl y insign ificant imp rints which cann ot be iden tified. According to SCHAFER
this part icularl y refer s to Semaeostom eae.

. It is pr obabl e th at th e anima l (pol ychaet e?) burrowed downward in a vertical sha ft from
which by mean s of th e prob oscis dug sideways, grad ua lly descending unt il it reach ed a firme r
or coarser sand layer , presum abl y also poorer in food .

Occurrence. - Senonian - Lower Istebn a Beds: Istebna , th e river Olza (here occurs in
pr ofusion on the upper sur faces of several adjacent sandstones), Lazy, Lap an6w.

Undeterm inabl e vertica l cross -sectio ns of Gyr ophyllites or poorly developed ro sett es have
been not ed in a number of localities in the Lower Istebna Beds, Hi ero glyphic Beds and in the
M agura sandstone.
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V. SPRElTEN STRUCTUR ES

This group consist s of tw o typ es of burr o w : o ne pr oduced by pl a nar feed er s working a lo ng
the interfaces or any other di scontinuity (n o w pa rt ing) planes ; th e ot he r is essentiall y endichn ial,

I but the spreiten m ay occur also on b ounda ry pla nes, prefer ably on th e upper surfaces. The
former group is represented by Pliycosiphon FISCHFR-OOSTf:R a nd Rliizocorallium Z ENK ER, the
latter by Zoopliycos MASSALONGO and p resumably by Anenionichnus CHAMBERLAIN.

Ichnogenus Phycosiplion FISCIlER-OOSTER, 1858

Typ e ichnospecies: Phycosiphon incert um F ISCH El( - O OSI ER , U~ 58 (H ANT Z SCH EL, 1962).

Phycosiphon incertum FISCHER-OOSTER , 1858
(text -fig. 14)

1858. Phvcosiphon inccrtum F. 0 ., F:SCHER- OOSTER. p. 59 , pl. 15, fig. 4.
Material : 11 slabs.

In rr ost ca ses thi s is en cndichnia l, often epichnial, ra re ly hypichnial burrow. Usually it
de nsely covers the upper sur fa ce or the p arting p la nes of th e upper part of a sandstone bed.
In some cases it consi sts of thread-s ized st r ings which form loops. In th e space between the
arms of the loop there is den se obl iq ue st riati o n . M ore ofte n there a re narrow furrows instead
of the strings.

Sediment. - The trac e commo nly occurs in t he si lty po rtion of sa nds to ne bed s, pa rt icul arly
if this portion is marly (in sands tone-marl-c lay sequences). It mo re rarely oc curs in the top
p art of very fined-grained sa nds tones seen o n part ing planes wh en the sa nds tone is sp lit.

Association. - - Because it cov er s the surface de nsely, other t races are el iminated. It m ay
be cut through by L opho cteniuni (Var iegat ed Sh ales, L 'pnica Mala) , by Scolicia plana (Ino­
ceramian beds, Kuzrnina , W olod z), by Sco!icia prism (Beloveza Bed s, Zbludza), or by Z oopliycos
(often in the Rop ianka Bed s) . It is p osteri or to Taphrltelminthopsis , as it co vers the tra il of th e
latter (Inoceramian Beds, W ol odz).

Origin. -_. Ev.de nt ly a post-dcp osit io nul lccd ing burro w p roba bly p roduced by a pol ychaetc .
Occurrence. _ . Common in many un its. parti cula rly of the Cretac eous age .
Berriasi an. _ . C ieszyn L imeston es : Go lcszow (mai n q uarry). G odziszow, J awo rzc. Ha ute r i­

vian - Grodziszczc Beds: L 'pn ik ne ar M yslenicc, W isn iowa , Senonian - Inoceram ian Bed s
(frequent) : Kakolowka, W ara, Wolod z, Ku zmina, H uwni ki , Kalwaria Pacla wsk a ; C isna Bed s:
J asl iska , Cisna; Ropia nka Bed s (frequent) : J aworzyu ka , L ipnica M ala (the st ream Linorka) ,
Zaryte, R aba WyZ'1U, M szana D ol ua , C hyzowk i, L irna nowa, Morda rka , K anina , Grybow,
Bial a Wyzna , K acl ow a, Flo rynka, W ola Br zeziriska, O wczary , S iary, Smrekowiec, Skwirtne .
Palaeocene - Upper Istebna Bed s : K am eszn ica ; S zczawnica Beds: Haluszowa, Palaeocenc­
Lower Eocene - Vari egated Shales : L ip nica Wi el ka (t he hamlet K iczora) , L ipn ic.i M al a ,
(the stream Linorka), Trzctrzewina, Lo wer E occne --- Ci ezkowicc Smdstone: Znamirowice ;
Beloveza Beds: ZIatJ1a , L ipnica Mala , S idzin.i, Zbludza , Zulesic, Trzet rzcwin a. M iddle E ocene ­
H ieroglyphic Beds: D aliowa . Upper Eocene - - M agura Sand ston e : M lynn e.

?Rhizocoralliutn sp . ind ct.
(tex t-fig. 15)

Mat erial: 2 poorly prese rved specimens ,

Description. - One specimen is 15 em long a nd o nly 2 cm wide at its broadest p art. The
marginal cyl inder is 2-3 cm wide. The sp re ite between th e m arg ina l r ims shows curved grooves
a nd irregular rid ges . The specime n m ay be taken for a n ext remely elongated narro w lobe o f
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Fig. 14
Phycosiphon incertum F ISCII ER-OOSTER, Mordarka, Ropianka Beds, UJ TF 646. x 1
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Z oophy cos insignis. This is, however, a hypichnial trace. It occurs on the sole of a sandstone
bed 5 cm thick.

Another specimen occurs on th e upper sur face . It is not complete. The length of the fragment

Fig. 15
TRhizocorallium

oBladzonka, Variegated Shales. Lower surface, UJ TF 1610. x
0.5; i.B Kl imkowka, Magura Sandsto ne. Upper surface, UJ TF

1556. x 0.5

b

is 9 cm, its width 3,5 cm. Th e margina l rim is nearl y 10 mm wide . The ra tio of the width of the
marginal rim to t ha t of the spreit e approaches I :3' 5. Thi s is very near the values given by
H ANTZSCHEL (1960) as charact erist ic of Rhizocoralliuni .

Ichnogen us Zoophycos M ASSALONGO, 1855

Type ichnospecies: Zoophycos briantcus (V ILLA, 1844) ( HA NTZSClJEL, 1962).

Remarks. - The classificat ion of Zoopliycos on th e speci fic level is no t a n easy task. Several
aut ho rs have created man y species. based o n t he sha pe of th e who rls, and the width and the
manner of branchi ng of the rays (BARSANTl, 1902). O n th e ot her hand BISCHOFF (1968) restricted
Zoophy cos to Z. brianteus M ASSALONGO, whi le PUCKA (1968) gro uped several "s pecies" in the
syno nymy of Z . circinatus (B RONGN IART) .

In the Ca rpa thia n mat erial there is co nsiderable d iversity in Z oophy cos. If the outline of the
whorl (= lamina sensu SIMPSON 1970) is tak en as th e main di stinctive feature, most of the
mater ial fall s int o tw o gro ups: one with an approxi ma te ly circular outline, another with a lobed ,
a ntler -like outl ine. F ollow ing th e approach tak en by YENGO (1951) th e first group may be
assigned to Z oophycos brianteus M ASSALONGO a nd th e second to Z. insignis SQUlNABOL.
SEILACHER ( 1967h), however , showed th at the out line cha nges with the gro wth of the burrow:
in earl y stages it is antler -like, in adva nced stages more circ ular. But there are numerous small
a nd so "earl y" specime ns with a round and not lobed outline of th e who rl. Thus di stinction
is easier in the ea rly stages of Z oophycos str uct ures a nd difficult or hardly possible in ad ult
spec imens that mu st be left as Z oophycos ind et.

It seems tha t there is yet ano ther feature th at may be helpful in th e di st inction of these two
main type s of Z oopliycos. Th e antler-sha ped types are as a rule provided with a well-developed
margin al cylindrica l rim which is absent or poorl y developed in the specimens with a circular
outline. All th e specimens illustrated by PUCKA (1968) ar e without the marginal rim . Although
BISCHOFF (1968) believes that th is is due to the sta te of preser vation , in the Carpathian material
there are very many specimens, b oth small and large, without any trace of th e lateral rim .
Th ere are no ind ica t ions th at th e margin al rim has been filled by sediment introduced into the
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tube. It is of the sa me mat erial as th e ho st rock and most pr ob ably consists of sediment (sand)
reworked by the producer.

In addition, th ere are speci mens with very delicate r iblets (= lam ellae, S. SIMPSON, 1970),
and others with very rough ribbing. Possibl y these differ ences might also be taken as the basis
for a specific distinction.

Origin. - FUCHS (1895) and SARLE (1906) followed by AnEL (1935) , LESSERTlSSEUR (1955)
and BISCHOFF (1968) consider Z oophycos as feeding burrows of pol ychaete annelids . Another
view is adva nced by PUCKA (1968), who conside rs th at Z oophycos represent s the aba ndoned
prostomial parts of sedenta ry marine annelids from the famil y Sabellidae. This view is not
supported by other author s. BOUCEK (1964) stresse s that th e Z oopliycos structures may have
much gre ater dimension s th an th e sabellid worms, and W EBBY (1969) stresses the fact th at the
lobes seen in man y specimens of Z oophy cos have no counterp art in sabellid gill-organ s, whil e
th e septa may be b iodeform ational structures. It sho uld also be added th at th e presence of the
marginal rim is not accounted for in the interpretat ion of PUCKA. The sculpt ura l fea tures of
the whorls are easily explained by the supposit ion th at the "ribs" were formed by scooping th e
sediment by means of th e extensible pr oboscis: th ey are nothing else but ridges of unprocessed
material. When th e scooping was continuou s, th e grooves between th e rib s are not interrupted
by transver se ribl ets. If the animal shovelled intermittentl y, oblong depression s might have
been formed between the riblets (pI. 10, fig. 3).

Zoopliycos brianteus M ASSALONGO, 1855
(pI. 10, figs 2-3)

1855. Z oophycos brianteus, M ASSALONGO, p. 51, pl. 3, figs I, 2.
Material : 13 specimens and many occurrences noted in the field.

Description. - Th e ra d ius of the whorl may attain 25 cm. The whorls occur in cross-section
in stairs, one above the other at intervals of 1 to 3 cm. The rays (lam ellae) are about I mmwide
near th e centre. Dichotomy of rays is common. In some specimens there are elongated oval
hollows between th e rays. Both sma ll a nd large specimens h ave a circular outline.

Remarks. - The speci mens ass igned here co rrespond excellently with th e description of
PLICKA (1968) and his pictures pI. 107, figs 1, 2, pI. 108, fig. 5 (except th at no "p innulae" are
visible on our spec imens), and also PUCKA, 1969, particularl y fig. 2. PUCKA assigned these kinds
of Zoophycos to the Z. circinnatus (correctl y circinatus) of BRONGNIART, 1828. BRONGNIART'S
spec imen (1828, pI. 3, fig. 8, p. 83), not seen by PU CKA, is a fragment of a lobed whorl, 8 cm
long, with a fa irly distinct marginal r im, and may rather be assigned to Z. insignis SQUINABOL.
The specimens coll ected in Lo wer Cieszyn Shale s owing to th eir rin g-like alte rn at ion of ribbed
bands, resemble Z oopliycos scoparius H EER, 1865, p. 141, fig. 92 and th e very similar Zi ferrum
equium of th e same author , p. 141 , fig. 93. Both kinds are included by PU CKA (1968) in th e
synonymy of Z. circinatus, but it is possible that th ey should be treat ed as d istinct ichnospecie s.

Sediment. - Fine to medium gra ined sandstones . Mostly develop ed nea r th e top surface
and easily visible on it, but in some cases also on th e sole.

Association, - Small Sabularia, Helminthoida labyrinthica, Pliy cosiphon incertum.
Occurrence. - Tithonian - Lower Cieszyn Shales : Gumna. Senoni an - Inoceramian Bed s

(frequent): Wara , Dubiecko (th e hamlet Utrat a) , Huwniki; Ropianka Beds (frequent): Slemieri,
Lipnica Wielka , the haml et Kiczora (KSIJ\ZKIEWICZ, 1960, p . 741, pl, 4, fig. 16), Bierikowka,
Poreba Wielka, Szczawa , Kasina Wielka, Lim anowa, W ola Brzeziriska , K aclowa , Fl orynka;
Sromowce Beds : Jaworki (the stream Skal ski) , Sromowce Wyzne, Palaeocene-Lower Eocene ­
Variegated Shale s: Lipnica Wielka, Lipo we. Lower Eocene - Ciezkowice Sandstone: Znamiro­
wice, Grodek ; Beloveza Beds: Szczawa (stream Glebieniec) , P6lrzeczki , Zalesie. Oligocene ­
Krosno Beds : Sanok.
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Z oopliy cos insignis SQUINABOL, 1890
(pl. 10, figs 1, 7, text-figs 16, 17)

1890. Zoophycos insignis n. sp., SQ UINABOL , p. 195, pl, 5, fig. 2, pl. 6, fig. I.
M aterial : 22 specimens and numerous occurrences noted in the field.

Description. - In sma ll specime ns the o ut line is antler -like, in la rger it is more or less lobed.
The lobes arc elongated, up to 20 cm lon g, usu all y rim med. The cylind rical r im a tt ains a thick­
ness of 5 mm . Often it is not continuous. T he rib bing seems to be on t he wh ole more delicate

Fig . 16
Zoophycos insignis S QUINABOL, K ornaricza, Hieroglyphic Beds, Upper surface (field drawing) X 0.5

than in Z. brianteus. In small specimens the spreite pa ss into Chondrites-use densely b ranching
trac es (te xt-fig. 17). It also happens th at the o uter r im leaves the contour of the whorl and
goes in a nothe r directi on , as if th e animal had abandoned its burrow to look for another, sti ll
m arking its path by leaving digeste d material beh ind .

Sediment and association. - Like Z. brianteus.
Occurrence. - Cenomani an - Lower G odula Beds: U strori, the hamlet Poniwiec. Turo­

n ian - M iddle G od ul a Beds: Rudnik , st reams on th e slope of M ts. Bukowiec and Barnasio wka
(KSIJ\ZKIEWICZ, 1960, pI. 4, fig. 15), Brzaczowice, Senonia n - Inoccrarn ian Bed s (frequent):
K akolowka , Bachow, Huwniki , K alw aria Paclawska (t he st ream Sopotn ik), W ola R omanowa;
Skrzydlna Bed s: W ierzb anow a; Gorzcri Bed s: Gorzcri D olny; Ropianka Bed s (fr equent):
Jel esn a , Lipnica Wielka (th e hamlet K iczora) , L ipnica M al a (the clear ing Zosiak ), Wola Brze­
z iriska , Biczyce, Kaclowa ; Sromow ce Bed s: Jawork i (the st rea m Ska lski), H aluszowa. Pal ae­
oeene-Lower Eocene - Vari egated Shal es: G ilowice, Biczyce, L ow er Eoccne - Beloveza Bed s:
Szczawa (the st ream Glebieniec). M iddle Eocene - H ieroglyphic Beds : Str yszawa (the ha mlet
Roztoki), Juszczyn (the hamlet K ozlowni k), T oka rnia , K om aricza (fr equent); Lacko Beds:
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Fig. 17
?Zoophycos insignis SQUI S AIl OL, Lower surface, Kornaricza , Hieroglyph ic Beds, UJ TF 1229. x 0.5
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K amienica near Nowy Sacz. Upper Eocene - Magur a Sandstone (freq uent in some hori zon s):
Zawoja , hamlet Mosorne (very large whorl s, K SIJ\ZKI EWICZ , 1958, pI. 5), Osielec, Sidzina ,
M lynne, Klimkowka. Oligocene -- Krosno Beds : Katy (?) , D ebna,

Zoo pliycos sp . indet .

There are a number of specimens, either collect ed or noted, tha t are not completely de­
veloped or preserved. Probably most ofthem belong to Z . brianteus or insignis. They occur
in many members of the Carpathi an flysch: Bcrriasian - Cieszyn L imestone: Zywiec. Turo­
nian - S'liceous Marl s : Huwniki . Scnonian - I noceramian Beds: Kuzrnina, K alwaria Pa­
clawska ; Ropianka 'Beds : Mszana D olna, Wola Krogulecka, Skwirtne, Uscie G orlickie , Siary;
Cisna Beds : Jasliska. Palaeocenc - Upper Istebna Beds: Karnesznica, th e st ream Janoska;
Szczawnica Beds : H alu szowa, Kroscienko on the river Dunajec. Lower Eocene - Beloveza
Beds : Zalesie, Trz ctrzewina. M iddle Eocene - Hieroglyph ic Beds: Rajcza, Stryszawa, Zalesie,
Darow, Ol igocenc - K rosno Beds : Wislok Gorny.

Apart from th ese there are some types with cha racteris t ic features d ifferent iati ng th em from
both Z. insignis and Z . brianteus. They probably deserve to be classified as dist inctive ichn o­
speci es.

Plate 10, fig. 4 shows a specimen with very thin and den sely spaced ribl ets, with no obvio us
branch ing. The dense ribb ing resembles th at in Z. massalongi PUCKA, but th e dichotomy is
not so ob vious as in th at type. I n all th e specimens collected the margin is broken , but the
out line seems to be at any rate circula r. Th is kind occurs in the Palaeocene-Lower Eocene
Var iegat ed Shales (Lipowe , Zbl udza) and in the Lower Eocene Beloveza Beds (Zubrzyca
Gorna, the hamlet Ochlipow).

Plate 10, fig. 5 represents a fragment ed whorl with part icularly well-deve loped t ransverse
riblets, spa ced 1.5 mm from one another, and formin g a network co nsist ing of almost qu ad rat e
meshes. Pa laeocene Bab ica Clays (Bab ica),
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Plat e 10, fig. 6 shows a fragm ent displayi ng a very coar se ribb ing: the ribs are 2-4 mm wide
and divided by deep fu rr ows up to 8 mm wide . T he radius of th e who rl is about 25 cm long.
Such " lnoceramlls-lik e" coarsely ribbed zo ophycids have bee n found in a number of locali t ies:
th e Senonian Ropi anka Beds (Uscie G orl ickie), t he Lower Eocene Beloveza Beds (Szczawa,
the strea m Glebien iec) and th e Middle Eocene H ieroglyphic Beds (Juszczyn, the haml et K o­
zlownik) .

lchnogenus A neinonichnus CHAMBERLAIN, 1973

Type ichnospecies: Anemonichnus concentricus CHAMBERL AIN

Anetnonichnus concentricus CHAMBERLAIN, 1973
(text-fig. 18)

1973. Anemonichnus COI1Cel1l r iclI S, CHAMBERLA IN , p. 677, pl, 3, fig. 8, text-fig. 2.
Ma terial : N o depository. One field observation.

Description. - Almost vert ical funnel-shaped burrow consisting of concentric layers. The
burrow is about 1 m high and 25 cm wide at th e upper end of the funnel , gradua lly tapering
downward. The sides of th e burr ow are rough and uneven. The filling co nsists of concentric
lam elae 1.0-1. 5 cm thick, co mposed of qu artz a nd plant detritus.

Fig . 18
Anemonichnus concentricus CHAMBERLAIN. Grzechynia , Magura Sandstone

(field drawing)

Remarks. - Thi s trace, noted but not nam ed by th e author (KSI~ZKIEWICZ, 1958, fig. 3),
was ascribed to Cylindrichnus HOWARD (KSIJ\ZKIEWI CZ, 1970, p. 314, fig. 8). As th is name was
formally used by BANDEL (1967) for another mat erial , CHAMBERLAIN (1973) pr oposed the
generic name Anemonichnus , ass uming on the gro und of SHINN'S (1968) observations that such
structures may have been mad e by anemo nes . Our speci men is tw ice as large as that described
by CHAMBERLAI N. The assig nment to Asterosoma OTTO (FREY, 1970) should also be ta ken into
account . Ast erosoma was presumably made be a polychaete.

Occurrence. - Upper Eocene - - M agura Sand stone: G rzech ynia .

VI. WIND ING STRU CTURES

T he manner and degree of winding is variable. Some types are almost straight and feebly cur­
ved, othe rs ass ume a m ore sinuous but sti ll ir regul ar cour se or are loosely meandering. Some
types may assume both straight and winding course ( Gy rochorte , Sco licia), others are winding

. and meandering (S ubphyllochorda , Sco licia), or onl y mean deri ng {He lm inthopsis) , In mean­
dering types th e sha pe and size of each meander are different. This feature is at va riance with
the traces grouped in " meande ring structu res" , in whic h the meanders are of the sa me sty le
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and similar size. On the who le, the group of " winding" struc tur es may be tre ated as inter­
medi ate bet ween the simple and meandering st ructures.

Thi s is the largest group of the Carp athian flysch tr ace fossils as to the number of ichno­
gene ra (11), mo st of which are represented by severa l ichnospecies. In th e ethological clas­
sificatio n mo st of the winding types belon g to Pasciclinia and Repichnia. The following ichno­
genera are grouped here: Gyroc horte HEER, Helicorhaphe K SIJ\ZKIEWICZ, Helminthopsis HEER,
Muenst eria STERNBERG, Navic ulichnium n. ichnogen, Oniscoidichnus BRADY, Scolicia de QUATRE­
FAGES, S ubphy llochorda G OTZINGER & BECKER, Taphrh elminthopsis SACCO, Tub erculichnus
n. ichnogen. , Tubulichnium n. ichnogen.

1chn ogenus Gyrochorte H EER, 1965

Type ichnospecies: Gyrochorte comosa H EER ( HANTZSC HEL, 1962)

Origin. - All three ichnospecies occurring in th e Carpathian material are cylindrical full
bu rrows, and this indic ates their post-depositional origin. FUCI-IS (1895) and HALLAM (1970)
pre sumed that the Gyrochorte tr aces were produced by tu nnelling amphipods, while SEILACHER
(1955) thought of a worm-like (wurmformig) anima l, and WEISS (1941) of a polychaete.

Gyrochorte burtani n. ichnosp.
(pI. I I, figs 1- 5 ; text -fig. 19)

Holotype: UJ TF 1475 (pI. 11, fig. I).
Type locality : Pozn achowice near M yslcuice.
Type horizon: G rod ziszcze Beds, Ha ute rivia n.
Derivation of the name: in hon our of D r. JADWIGA BURTAN, Carpathian geo logist, who found the specimen taken

for the holotype . .
Ma terial : 16 slabs, some of them with severa l specimens.

Diagnosis. - Mo stly hypichnial bilobate full burrow with transverse oblique incisions
bi- serially arran ged and joined in a medium apical groove. It may occur also as a hypichnial
furrow.

Description. - The holotype is 20 cm lon g and 18- 20 mm wide, protruding a few mm from
the underface. The specimen is almost straight. At one end it terminates in an oblong conical
extremity. The shallow lat eral incisions are spaced 3 to 4 mm from one another, disposed
obliquely to the axis of the trace and inclined tow ard s th e coniform end. The riblets between

Fig. 19
Reconstruction of the cross-section of Gyrochorte bur/alii n. ichnos p. Based partly on
specimen UJ TF 1169, Wisniowa, Verov ice Shales, which represent s a n hypichni al

furrow. x 1

the incision s are th ick , flat and, like the incisions , slightly curved. The median groove is about
I mm deep. In the cross-section the burrow is oval (text-fig. 19), becoming more circular near
the coniform end.

The specimen taken for the holotype is exceptionally large. With one exception the other
specimens are 5-6 mm wide and a few cm long. The riblets are less flat and the ribbing is on the
whole more dens e than in the holo type specimen. Some of the small specimens are devoid of
the medi an groove; instead, th e riblets join in a sha rp apica l ridge (pI. 11, fig. 4), resembling
the "razorback" structures ca lled Sustergichnus by CHAMBERLAIN(197 I a). On the same underface
there occur specime ns with an apica l groove.
8 ...:. p al aeontologia Polonica N o . 3G
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This trace never densely covers the sole but is scattered over it in such a manner that usually
several traces occur within a restricted area. Often they occur as relatively short traces aligned
in a curved line, one following the other at short intervals. There is some level-crossing.

This trace may also occur in the form a hypichnial furrow. In this case, in the middle of
the furrow there is a low apical ridge bordered on either side by shallow grooves. The ribbing
of the flanks is like that of hypichnial ridges. The presence of hypichnial furrows helps in
reconstructing the cross-section of this trace (text-fig. 19).

Remarks. - The assignment or this trace to Gyrochorte is based on the presence of the
plaited ornamentation. In comparison with Gyrochorte comosa there are considerable dif­
ferences: G. comosa is a long trace while our specimens are relatively short. Since our plaited
ridges are often aligned , this difference may be apparent: possibly we have those parts of a long
trace in which the animal worked in sand along a mud/sand interface, dipping below it in
certain sections of its path. The ornamentation and the size of our specimens are also different
as compared with G. comosa (the specimens described by HALLAM, 1970, are 3-4 mm wide).
Many Gyrochorte occur as epichnial ridges, absent in our material. From the description of
HEER (1865, p. 142) it is not clear whether his traces occurred on the upper or the lower surface.
WINCIERZ (1973) showed that in Lower Jurassic beds Gyrochorte may occur both on the lower
and upper surfaces.

Sediment. - The Lower Cretaceous specimens occur in very thin-bedded (1-2 cm) , fine­
grained, single-current laminated sandstones.

In Oligocene beds the sandstones are somewhat thicker (5-10 cm). The burrow may sub­
horizontally penetrate flute casts (pl, 11, fig. 2).

Occurrence. - Hauterivian - Grodziszcze Beds: Lipnik near Myslenice, Poznachowice
Biesnik. Barremian - Verovice Shales: Wisniowa, the stream Markow (here fairly frequent)
Senonian - Skrzydlna Beds: Wierzbanowa (1 specimen). Oligocene - Krosno Beds: Debna.

Gyro chorte imbricata n. ichnosp.
(pI. 11 , figs 6-8)

Holotype: UJ TF 176 (pI. 11, fig. 8).
Type locality : Gr6dek near Nowy SllCZ.
Type horizon: Ciezkowice Sandstone, Lower Eocene.
Derivation of the name: Lat. imbricatus - imbricate ; the imbricate arrangement of the lateral riblets.
Material : 3 specimens.

Diagnosis. - Hypichnial cylindrical full burrow, straight or feebly curved, with biserial
oblique incisions joining in the median very shallow groove. Asymmetrical riblets between the
incisions, with one steeper side, giving an imbricate appearance.

Description. - The holotype is 3.5 cm long. This specimen has been taken for the holotype
as it shows the termination of the burrow. The median groove is very shallow, the lateral
incisions much deeper, very narrow near the median groove but wider towards the sides, and
are almost I mm wide at the contact with the sole. The incisions occur at regular intervals
of 2-4 mm. The riblets between the incisions are 2-3 mm wide in the median zone of the trace,
but towards the margins they thin out as spine-like appendages. In some riblets there is an
additional incision which hardly reaches the median groove. One end of the trail is obtuse
and coniform, the other is broken off. The burrow is not quite horizontal, but seems to penetrate
the sandstone obliquely.

Sediment. - Thin-bedded (up to 3 cm) single-current laminated fine-grained sandstones.
Occurrence. - Lower Eocene - Ciezkowice Sandstone: Grodek.
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Gyrochorte obliterata n. ichnosp.
(p l, 11, fig. 9; text-fig . 20)

Holotype : UJ TF 127 (pl, I I, fig. 9).
Type locality : Lipnik near M yslenice,

Type horizon : Verovice Shales, Barremi an.
Derivation of the name: Lab . obliterata - effacted ; becau se the sculp ture is not disti nctl y marked.
Jvfaterial : 3 slabs, each with numerou s specimens. A few occurrences not ed in the field .
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Diagnosis. - Hypichnial cylindrical b ilobate full burrow with a sha llow median groove
a nd oblique densely spa ced irregular incision s.

Description. - In the slab taken for the holotype the truce occur s densely in the form of
long (several cm) rope-sized (l cm wide) cylindrical bur row s, markedly protruding from the
sole or affixed to it. The median groove is very sha llow, ofte n discontinuous , or even disap­
pearing completely. The lateral incision s are also very shallow, ofte n indi stinct, densely spaced.
In some parts of th e burrow th e sculpture is ent irely effaced and th e surface of the cylinder

----

Fi g. 20
Gyrochorte obliterata n. ichnosp., Lip nik near M yslenice, Verovice Sha les, UJ TF 127. x 0.5

is nearly smooth. Th is tr ace occurs gregar iously, there is a good deal of overcrossing and
overlapping. The burrow is filled with somewhat coar ser material than the host rock.

Remarks. - To a cert ain extent this trace is similar to Crossopodia scotica MoCov
(HANTZSCHEL, 1962, fig. 118,2), but the sculpture is rougher and less distinct in our specimens.
Our material resembles the "Gyrochorte Band er", with a median groove and feeble ribbing.
of K EMPER (l968, pI. 7).

Sediment. - Medium-grained, thin bedded (la cm), graded sandstones.
Occurrence. - Barremian - Verovice Shales: Grab ie, Lipnik near Myslenice (here are

several interca lations of sandsto nes with th is tr ace) .

Ichnogenus Helicorhaphe KSIJ\ZKIEWICZ, 1961a

Type ichnospecies: Helic orhaphe tortilis KSI>\ZKIEWICZ .

Diagnosis. - Strings helicoid ally twisted along a horizontal axis
8"
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Helicorhaphe tortilis KSI;~ZKTEWICZ, 1970
(pl, 11, fig. 10)

1970. Helicorhaphe tortilis ichnosp. nov ., KSlp,Z KIEWI CZ, p. 286, fig. It (ef. also K SIp,ZK IEWICZ , 196Ja, p. 885, pI. 2
fig. 3).

Holotype: UJ TF 277 (pI. II , fig. 10).
Type locality : Lipnica M ala near N owy Targ.
Type horizon: Beloveza Beds, Lower Eocene.
Derivation of the name: Lat. tortilis - twisted .
Mat erial: 5 specimens.

Diagnosis. - Hypichnial str ing-sized full burrow tightly twisted along a horizontal ax is.
Description. - The holotype is 5 cm long and 0.8 to 1.2 mm wide. It cons ists of a row of

tiny elliptical bead s arranged obl iquely to the axis of the trace, which is feebly curved. Thi s
a rrangement suggests that th e lower parts of cylindrical who rls who se upper pa rts are situated
above the underface are visible on the sole . In some part s of the trace th e beads occur in a double
row. The doubling pr obabl y indicat es that th e surface of the stri ng is uneven . In the two spe­
cimens from Palaeocene beds the "bea ds" are longer and more ellipt ical.

Remarks. - Twisted traces were no ted by Fucns (1895, fig. 7). Twist ing is prese nt in
Helicolithus AZPEITIA and in Bostricophyton SQUINABOL. In the former the tr ace is meandering,
in the latter branching, while the trace now described is freely winding.

Sediment. - The holotype ha s been found in a very fine-grained, single-curre nt lami nated
sandstone, 2·5 cm th ick. Other specimens in sandstones about 4 cm th ick.

Association. - Fragment of a Cosmorhaphe.
Origin. - To all appearance a post-d eposit ional feeding bu rrow. H olothurian s cast out

helicoidally knotted strings of egested materia l (H EEZEN & HOLLISTER, 1971), but more probably
the trace was formed by a polychaete burrowing a helicoidal tunnel just ab ove th e clay/sand
interface and filling it with excrements.

Occurrence. - Palaeocene - Szczawnica Beds( ?) : K roscienko on th e river Dunajcc. Lo wer
Eocene - Beloveza Beds: Lipnica Mala , Zb lud za.

Ichnogenus He lminthopsis HEER, 1877

Type ichnospecies: Helminthopsis abeli n. ichnosp. (in HA NTZSCHEL, 1962, p. W 197, fig. 40 )

Remarks. - ANDREWS (1955) and HANTZSCHEL (1962, 1965) proposed H. magna H EER as
the type species. Th is is, however a bilobate trace (HEER in M AI LLARD, 1887, pI. I , fig. I) re­
sembling a Taphrh elminthopsis. It is therefore proposed to tak e th e type illustrated by AnEL
(1935, p. 290, fig. 261B) but unnamed , and re-illustrated by H ANTZSCHEL (1962, p. W 197,
fig. 4a), as the type ichnospecies under the nam e He lmintliopsis abeli n. ichn osp. Thi s type best
represents the features of thi s ichn ogenus in th e sense given to it by SACCO (1888).

Origin. - Most specimens of Helminthopsis are cylindrical burrows and not uncommonly
intersect the sedimentary structures of underfaces (in pI. 12, fig. I th e trace cuts across an arcuate
ridge-and-furrow structure = Schragschichtunsbogen ; in pI. 12, fig. 6 th e burrow traverses
flute and other linear structures). This indicates th at Helmin thopsis are post-d epositional feeding
burrows. There are, ho wever, som e exceptions. In one or two cases the trace is int ersected by
flute casts. This would mean th at most of th e Helminthopsis producers burrowed in sand, but
some were able to live in mud. Pol ychaete annelids were th e most probable animals responsible
for Helminthopsis, except for H. granulata, th e bur row of which has a surface orna menta tion.
It may suggest th at th e burrow was pr oduced by a pri apulid, as th e representatives of thi s
group have the introvert armoured with spines. It is not known, howeve r, whether priapulids
are able to follow a sinuous path.
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Helniinthopsis obeli n. ichn osp.
(pI. 12, fig. 5 ; text-fig. 2 I a- //)

1888. He lminthopsis hieroglyp hica H EER , S ACCO, p. 175, pl , 2, figs 2, 11.
1935. Helminthopsis, ABEL, p. 290, fig. 261 B.
Lectotype : fig. 26 1B in A BEL, 1935.

Cotype: UJ TF 1321 (pl . 12, fig. 5).

Type locality : Poznachowice, near M ysleni ce.

Type horizon: Grodziszcze Beds, Hauterivian .
Derivation of the name : in hon our of Professo r OTHENIO ABEL, Aust ria n palaeo biolog ist.

Material: 21 specimens and a nu mber of occurrences ob ser ved in th e field.
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Diagnosis. - H ypichn ial string- or rope-sized full burrow, or in some cases cast, loosely
winding with a tendency to meandering. Meanders irregular and variable in shape.

Description. - In th e specimen chosen for th e eo-type th e burrow is 6 mm wide and 2-3
mm high. The meanders are of var iable height (IO, 20, 26 mm) , either low and broad at the
base, or high and narrow, with some tendency to assume a loop-like shape. In some parts the
burrow assume s an almost straight course.

There is considerable diversity in the shape and size of the traces assigned here. The width
of the burrow range s from 2 to 15 mm, but is most commonly 4 to 6 mm. The windings are
irregular, and vari able in shape. Some may be meander-like, fairly narrow and somewhat
constricted. Th ere are nearly always some parts of the trace th at are almost straight. The surface
of the burrow is smooth, but in one specimen (UJ TF 1082) there is some delicate transversal
str iation.

Remarks. - Th is ichnospecies differs from other species of Helminthopsis by a tendency
to meandering. In thi s way it approaches the meandering traces of the meandering group, but
its meanders are never so regular as in th at group.

In the affinity of thi s ichnospecies have been placed some very thick burrows occurring
in the shape of a horse-shoe. The y often occur near one another but are not joined. Sometimes
they are associated with th ick Helminthopsis , as in text-fig . 21e. This horse-shoe type seems to
be common in the Sub-Magura Beds and in th e lower part of the Magura Sandstone (KSIJ\ZKIE­
WICZ, 1935, p. 108, 1958).

Sediment. - Fine- or fairl y fine-grained sand stones or limestones on the average 2-3 cm thick,
in some cases 8 cm, and in one 30 cm. On the whole the thicker burrows are associated with
more thick-bedded sandstones. The large horse-shoe type occurs at the base of sandstones
50 cm thick.

In the marls of the Low er Istebna Beds th ere occur ribbon-like flat irregularly winding
traces, of the same style as H. obeli. Thi s is probably a pre-depositional form of this ichnospecies.

Occurrence. - Seems to be fairly common in all members of the Carpathian flysch.
Berriasian - Cieszyn Limestone: Golesz6w, Godzisz6w, Jaworze, Zywiec, Hauterivian­

G rodziszcze Beds: Wozniki , Lipnik near My slenice, Poznachowice, Brzyska. Cenomanian­
Lower Godula Beds: Czch6w. Turonian - Siliceous Marls: Krasiczyn; Middle Godula Beds:
Targoszow, Senonian - Inoceramian Beds : Laczki Kuchar skie, Krzywcza, Bachow, Lodzinka,
Huwniki , Kalwaria Paclawska (the stream Sopotnik); Sxrzydlna Beds: Przenosza; Gorzeri
Beds: Gorzeri Dolny, Wierzbanowa ; Ropianka Beds: Mlynne, Biczyce, Biala Wyzna, Kaclowa,
Skwirtne, Smrekowiec. Palaeocene - Szczawnic a Beds : Lornnica. Palaeocene-Lower Eocene­
Variegated Shales : Lipowe. Lo wer Eocene - Ciezkowice Sand stone: Znamirowice; BeIoveza
Beds: Lipnica Mala, Sidzina, Szczawa, Zbludza, Polrzeczki, Myslec. M iddle Eocene - Hiero­
glyphic Beds: Jelesna , Juszczyn, Zalesie, Stara Wies ; Lacko Beds: Karnienica near Nowy Sacz.
Upper Eocene - Magura Sandstone: Sidzina (the hamlet Jarominy) Zembrzyce, Juszczyn,
Krzczon6w,Kam ionk a Wielka ; Piwniczna.Oligocene-Krosno Beds: Katy; Wujskie, Slonne Mt.,
Lodyna.
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Helminthopsis hieroglyphica HEER, 1887
(pl, 12, fig. 3; text-fig. 21 i, k- o)
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1887. Helminthop sis hieroglyphica HR., HEER ill MAILLARD, pl. 2, fig. 4 (non pl. I , fig. 2).
Material: 11 specimens and many occurrences observed in the field.

Description. - The strings are mo st frequently a few mm thick, the thinnest 1·5 mm, the
thickest 1·5 cm. The windings are irregular, low, and the course of the trace is often alternately
winding and straight. This is hypichnial burrow, probably in most cases a full burrow.

Remarks. - This is a not very well defined ichnospecies, There is no description in MAIL­
LARD'S paper and the figures (pI. 1, fig. 2, pI. 2, fig. 4) represent two quite different kinds. Fig. 2
in plate 1, as far as can be seen from a not very good photograph, shows two fairly high and
narrow meanders with tortuous limbs and parallel axes (see text-fig. 2Ij). This would, according
to current definitions, be a Helminthoida thelminthopsoidea SACCO?) rather than a Helminthopsis.
The second specimen shown in pI. 2, fig. 4 presents quite a different type: this isa large, irregu­
larly winding trace, and this specimen may be taken as the type of Helminthopsis liieroglyphica.
SACCO (1888, p. 175, pI. 2, figs 2 and 11) gives no description and illustrates only two fragments,
stating that his specimens are identical with the form of HEER. He stresses that the mode of
meandering approaches "alquanto alIa Helminthoida crassa". This feature seems to indicate
that his material would rather fit into Helminthopsis abeli.

Sediment. - Thin-bedded (the thickest 6.5 cm), fine-grained sandstones or limestones,
graded, composite or horizontally laminated.

Association. - Occurs usually on flat soles with no associated traces. Occasionally with
Sabularia tenuis.

Occurrence. - Berriasian - Cieszyn Limestone: Golesz6w. Valanginian - Upper Cieszyn
Shales: Trzemesnia (a full burrow passing into a hypichnial furrow). Hauterivian - Grodziszcze
Beds: Lipnik near Myslenice, Cenomanian - Lower Godula Beds: Rzyki near Wadowice.
Turonian - Siliceous Marls : Krasiczyn. Senonian - Inoceramian Beds: Bachow, Lodzinka,
Wolodz, Huwniki; Ropianka Beds: Mszana Dolna (a stream on the slope of Mt Lubogoszcz),
Wierzbanowa, Polrzeczki , Biala Wyzna. Palaeocene - Szczawnica Beds: Lomnica. Palaeocene­
Lower Eocene - Variegated Shales: Lipnica Mala, the stream Linorka. Lower Eocene­
Ciezkowice Sandstone: Gr6dek; Beloveza Beds: Lipnica Mala, Sidzina, Lubomierz, Zbludza,
Myslec, Oligocene - Krosno Beds: Katy , Debna, Radoszyce, Dzwiniacz Dolny.

Helminthopsis irregularis (SCHAFHAVTL, 1851)
(pI. 12, fig. 2; text-fig. 22)

1851. Helminthoida irregularis m., SCHAFHAUTL, p. 142, pl. 9, fig. 10 (no description).
Material: 13 slabs, each with numerous specimens.

Description. - These are endichnial and epichnial irregularly meandering narrow-gauged,
void or sometimes filled tubes with traces of transversal segmentation. This type is easiest to
study on the upper surfaces of sandstone layers. In this case the trace occurs in the form of
....------------- --- - - - - -------- -----------

Fig. 21
Helminthopsis HEER, emend . SACCO

0-]!i1 H. abeli n. ichnosp.: 0 Krzywcza, Inoceramian Beds, DJ TF 1290; 1.':1 Przenosza, Skrzydlna Beds, UJ TF 1302;
@] Poznachowice, Grodziszcze Beds, DJ TF 1321; @l based on fig. 261B of ABEL, 1935, Wienerwald flysch; @ Krzczo­
now, Magura Sandstone (field drawing); ill Znamirowice, Ciezkowice Sandstone, VJ TF 100; ~ Lodzinka, Inoceramian
Beds, UJ TF 234; ,J!i1 Sidzina, Magura Sandstone (field drawing); ill-~ H. hieroglyphica HEER: ill MAITLAND, 1887,
pl. 2, fig. 4; mMAITLAND, 1887, pl. 1, fig. 2 = ?Helminthoida helminthop soidea SACCO; jkj Lipnica Mala, Beloveza Beds,
UJ TF 252; I!J Golesz6w, Cieszyn Limestone, VJ TF 233; Irnl Kllty, Krosno Beds, VJ TF1587 ; § Huwniki, Inoceramian
Beds, DJ TF 920; § Radoszyce, Krosno Beds, VJ TF 1320; !£le ?) Zbludza, Beloveza Beds, VJ TF 1888; §I-0 H. tenuis
KSI-\ZKIEWICZ: 0 Kwiaton, Ropianka Beds (field drawing); [1Sidzina, the stream Glaza, Beloveza Beds, VJ TF 1661;
§ Gr6dek, Ciezkowice Sandstone, VJ TF 1631; @Sopotnia Mala, Hieroglyphic Beds (field drawing), 0 Wujskie,
Krosno Beds, UJ TF 1615, Iwl Zubrzyca G6rna, Beloveza Beds, UJ TF 33; 0 Ponikiew, Lower Godula Beds (field

drawing) . All figures x 0.5
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furrows 1-3 mm wide, incised about 1.0 to 1.5 mm in th e roc k. Th e furrows arc here and th ere
filled with flatt ened cylinders . On th e bottom of some furrows a delicate t ransverse stri ation is
visible. The meanders a re highly variable in sha pe : some are elongated and narrow with their
arms close to one another, and even touching ; others a re short and broad at the base. The
height of the meanders varies with in large limits: some are only 1- 2 cm, others 3-5 cm high .
When the rock is split par allel to the bedding, it appears th at th e void tubes occur at several
levels near th e upper surface, though they are no t limited to on e par t ing plan e but descend
from one level to the other, eviden tly developed subhorizonta I1 y.

Fi g. 22
Helminthopsis irregularis (SCHAFHAUT L). Upper surface. T okarni a, Hieroglyph ic Beds, UJ TF 797. x 0.5

This form tends to occur densely in the upp ermost part of sand stone layers.
Remarks. - This type well resembles the tr ace illustr at ed but not described by SCHAFHAUTL

(1851). The shape and dimensions are very mu ch the same, only it is not clear whether
SCHAFHAUTL'S figure represents a concave tr ace. Some tr an sverse stri at ion s are also visible on
his drawing. SCHAFHAUTL assigned his type to helm inthoids, Although some of the meanders
are narrow, their course is highly irregular and th e axes of th e meanders are not parallel to on e
another, so th is ichnospccies should be assigned to Hehnintliopsis , according to the current
definitions of eith er type.

Sediment. - Very fine-grained sandsto ne or marl y siltstone.
Association. - In one case Tubulichnium incertutn.
Occurrence. - Senonian - In ocerami an Beds : Roman owa Wo 1a ; Rop ianka Beds : Lim a­

nowa; Sromowce Beds (frequent) : M aruszyna, Sromowce Wyzne, Sromowce Nizne, Jaworki.
Palaeocen e - Szczawnica Bed s : Kroscienko on the river Dunajec. Lower Eocene - Belovez a
Beds: Zubrzyca Gorna , Middle Eocene - Hier oglyph ic Beds: Tokarnia .

Helminthopsis tenuis K SL-\ZKIEWICZ, 1968
(pl. 12, fig. 1; text-fig. 21q- x )

1968. Helmlnth opsis tenuis n. "sp.", K SIJ\ZKI EWI CZ , p. 7 and 14, pl. 4, fig. 1.
Holotyp e: UJ TF 1465 (pJ. 12, fig. 1).
Type locality : Golesz6w near Cieszyn .
Type horizon : Cieszyn Limestone, Berriasian,
Derivation of the name : Lat . tenuis - slight, slender.
Ma terial : 12 specimens and numerous field observa tions.

Diagnosis. - Hypichnial thread- sized full burro w, irregularly meandering, some meanders
high and narrow, others low and broad .
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Description. - In the holotype the stri ng is about I mm wide and less tha n 0·5 mm high.
Th e sha pe an d d imensions of th e irregular meanders vary. They tend to be alte rnate ly high
(up to 4 cm) and narrow on one side, and low (about I cm) and broad on th e other. The surface
of the st ring is smooth .

There is considerabl e diversity in the mann er of windi ng in th is trace, but the general pattern
is mai ntained . The width of the st ring may reach 1.5 mm . The trace occurs so lita rily.

Altern at ion of the sha pe of th e windings which on one side are h igh. on the ot he r Iow,
may point to a ph ysiological asymmetry displayed by so me organi sms, ch iefly by crus ta cea ns
( LESSERTISSEUR, 1955, fig. 15).

Remarks. - Not well developed or fragmentar y specimens are d ifficult to distingui sh from
yo ung specimens of H. abeli. The sty le of windi ng is d ifferent in t hese two types. The absence
of stra ight courses an d more strongly marked wind ing differenti ate this ichn ospecie s from
H. hieroglyphica.

Sediment. - Th e holotype occurs on the so le of a th in-b edd ed , cur rent-lamina ted limestone.
Other specimens occur in th in-b edd ed , a few cm th ick sa ndstones, but in one instance the
sandstone is 75 cm th ick .

Association. - Paleodicty on, Protopaleodictyon , Taphrh elminthopsis auricularis. Seem s to be
poster ior to Paleodicty on.

Occurrence. - Fairly numerous in al1 horizons, but onl y rar ely well developed.
Berr iasian - Cieszyn Limestone: Golesz6w. Valan ginian - Upper Cieszyn Shales: Trze­

mesnia. Hauterivian - Grodziszcze Bed s: Wisniowa , Brzyska. Cenoma nia n - Lower Godula
Beds : Ponikiew, Czch6 w. Turon ian - Middle G odula Beds: Tar goszo w, Wisn iowa, Biesnik.
Seno nian - Inoceram ian Beds: Rzegocin, K ak olo wka , Rom an owa Wol a, Dzwiniacz Dolny ;
U pper G odul a Beds: Czch6w; G orzeri Beds : G orzeri D oln y, Wierzban owa ; Rop ian ka Beds:
Polrzeczki, Uscie G orl ickie, K wiato ri, Skwirtne ; Cisna Beds: Cisna. Palaeocene - Szczawnica
Beds : H al uszowa. Palaeoccne-L ower Eocene - Vari egat ed Shales: Lipowc. Lower Eocene ­
Beloveza Beds: Zl at na , Z ub rzyca G 6 rna , Sidzina , Tokarn ia , Szczawa, M yslec, Losie, M iddle
Eocene - Hieroglyph ic Beds: Koszara wa , Zar nowka , J uszczyn, Zubracze, Liszna ; Lacko Beds:
Kam ien.ca near Nowy Sacz, Upper Eocenc - M rgu ra Sandsto ne: Zachehnna, Rzyki near
Limanowa , Kam ionka W ielka . Ol igoccne - Krosno Beds: Dzwinacz D ol ny.

Hclminthopsis granulata K SI/\ ZKI EWICZ. 1968
(p l, 12, fig. 6)

1968. Hclm inthopsis granulate n. "sp." , K SIt\ Z KIEWI CZ , pp . 7 a nd 15. pl . 4. fig. 2 and text-fig. 4.
Holotyp c: UJ TF 224 (pI. 12, fig. 6).
Type locality : G olcszow near Cieszyn .
Type horizon : Cieszyn Lime stone, Bcrrias ian .
Derivation of the name: Lat. granulatus - granular; the surface of the bun ow is covered with tiny tu bercules.
Mat erial: 10 specimens and a similar number noted in the field .

Diagnosis. - H ypichn ial string-s ized full burr ow, irregu larly and loosely meander ing .
Su rface covered wit h warts an d r idges arranged parall el to the axis of th e burro w.

In the holot ype the string is 5 to 7 mm wide and no more than 2-3 mm h igh . Th e meanders
are loose an d large, 6 to 7 cm high and a few cm broad at the base, Som e meand er s are somewhat
con stricted but no loop- like form is develop ed. The orname ntation con sists of little warts and
rid ges arra nged in 3 to 4 rows on the visible (vent ral) side of t he cylindrical burrow. In some
part s of the burrow this o rnamentation is effaced . Th e slab is fa irly densely covered with this
tr ace.

T here is littl e d iversity in th e size . manner of windin g and surface ornamenta tion in other
specimens. Th e ornamentation may be more o r less obliterated or feebl y developed. The so les
ar e crowded with th is burrow. .
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Sediment. - Current-ripple or horizontally laminated limestones no more than 5 cm th ick ;
also thin-bedded sandstones.

Association. - In the Grodziszcze Beds together with Gyrocltorte burtani.
Occurrence. - Berriasian - Cieszyn Limestone : Goleszow (main quarry) , Kamienica ncar

Bielsko. Hauterivian - Grodziszcze Beds: Lipnik near Myslenice , Brzyska (a stream on the
slope of Mt Liwocz).

Ichnogenus Muensteria STERNBERG, 1833

Typ e ichnospe cies: 'tMlinsterla geniculata STERNBERG, 1853

Remarks. - Muensteria is not clearly defined (HANTZSCHEL, 1965). This name has been
used in various meanings. Its relation to Keckia on the one hand and to Hydrancylus on the
other are vague. Perhaps this term should be dropped and for the 'types grouped here a new
generic name introduced. Here are grouped ribbon-like winding traces, comparatively wide
and short, with more or less dense arcuate striation.

Origin. - Apparently thcse forms are similar to spreite structures. The arcuate striations
may represent a backfill fabric produced by a gastropod moving in the sediment or on its surface,
and pushing the sediment backward by its expanded foot (see GLAESSNER, 1969, explanation
of rather similar traces).

Muensteria geniculata STERNBERG, 1833
(pl. 13, fig. 2)

1833. Miinst cria genieulata, S TER NBERG , p. 32, pl . 5, fig. 4.
Material : 10 specimens.

Description. - Endichnial, horizontal or subhorizonta l traces. Most of the specimens are 10
to 12 mm wide, with very dense striation (5-8 striae per 1 cm). The terminations, if preserved ,
arc obtuse. No branching has been noted .

Sediment. - Limestones and marls.
Occurrence. - Turonian - Siliceous Marls : Huwniki (here fairl y numerous).

Muensteria hamata FISCHER-OOSTER, 1858
(pI. 13, fig. 3)

1858. Miinst eria hamata" F ISCHER- OOSTE R, p. 41, pI. 5.
Material: 7 specimens and a few occurrences noted in th e field.

Description.-Endichnial , in some specimens with one branch. Most of the specimens are
3-4 cm wide, filled with darker material than the enclosing rock. Occurs horizontally or
sub-horizontally on parting planes.

Sediment. - Marls. If they are layered, the trace occurs near the upper surface.
Occurrence. - Senonian -lnoceramian Beds: Kakolowka, Wolodz ; Ropianka Beds:

Szczawa (the Kamienica valley), Wola Brzeziriska , Grybow, Biala Wyzna, Kaclowa, Florynka.
Palaeocene-Lower Eocene - Variegated Shales: Lipnica Mala (the stream Linorka).

Muensteria p!anicostata n. ichnosp.
(pl , 13, fig. 1)

Holotype: VJ TF 133 (pl, 13, fig. 1).
Type locality : Poreba Wielka.
Type horizon: Ropianka Beds, Senonian,
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Derivation of the name : Lat. planicostatus - with flat riblets .
Mat erial: 1 specimen.
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Diagnosis. - Hypichnial narrow ribbon-like burrow, winding, consisting of crescent narrow
flat riblets.

The trace is 2 cm wide, about 20 cm long, but both its ends are broken. It winds freely. The
cre scent riblets a re low, hardly projecting with respect to the sole. They are 0.1 to 0.5 mm,
occasionally 1.5 mm wide, and attain their greatest width in the median part of the ribbon.
The distances between the riblets are of a similar width.

Remarks. - The trace is probably a cast. A creeping animal (gastropod ?) left on the mud
crescent grooves produced by the contraction of its foot , later cast in sand. In the Ropianka
Beds similar traces occur in marls. The crescents are somewhat larger, and the form is endichnial.

Sediment. - Thin-bedded, fine-grained sandstone, horizontally laminated , 4 cm thick.
Occurrence. - Senonian - Ropianka Beds: Poreba Wielka.

Ichnogenus Naviculichniutn n. ichnogen.

Type ichnospecies: Naviculichnium marglnatum n. ichnosp .
Derivation of the name : Lat. naviculum - small boat.

Diagnosis. - Epichnial elongated trough shallowing towards either end.

Naviculichnium marginatum n. ichnosp.
(pI. 11, fig. 13)

Holot ype : UJ TF 760 (pl , 11, fig. 13) .
Type locality : P61rzeczki near Lirnan owa .
Type horizon: Beloveza Beds, Lower Eocene.
Derivation of the name : Lat. marginatus - marginal ; the tr ace is bordered with marginal rims.
Material : 9 specimens (slabs) and several occ urr ences noted in the field.

Diagnosis. - Epichnial sha llow trough-like furrows, bo rdered with levee-like marginal rims.
Furrows filled with reworked shaly material in the form of imbricate flak es,

Description. - For the holotype a slab with four partly overlapping troughs has been taken .
Th e trou ghs are partly filled with clayey material , though in many other finds they are usually
empty. The longest tr ough reaches a length of 7 cm ; others are 4.5, 4.0 and 3.0 cm long. Th e
width of the largest furrow is 6 mm , other furrows are somewhat narrower. The depth , after
the filling has been removed, is 5 cm in the central part of the trough, which becomes shallower
towards either end. The edges of the longest trough are bordered near one ending with a thin
elevated levee-like fringe , 1.0 to 1.5 mm wide. A similar fringe occurs in one of the other fur­
rows, while in the remaining two it is not developed . The filling con sists of clay flakes obliquely
arranged. •

In other specimens the troughs may reach a length of 7 cm, and a width of 12 mm. The
greatest depth is 6 mm . Bordering fringes are as a rule developed near one end of the trough
and absent at the other. In some troughs there is rather indistinct longitudinal stri ation: The
troughs are rectilinear or , more frequently curved.

Thi s tr ace rarely occurs alone. Usually there are several troughs near one another. Not
uncommonly one trough intersects another.

Remarks. - The tr ace is identical with those described by D ZU LYNSKI and KINLE (1957).
Sediment. - Fine-grained , thin-bedded sandstones.
Association. - Together with S colicia and Subphyllochorda.
Origin. - The filling of the troughs suggests that the trace was formed by an animal (poly­

chaete ?) which burrowed along the sand/clay interface, ingested mainl y clay and when moving



124 MARIAN KSIAZKIEWICZ

a long ploughed the underlying sand and for med the trough which was sub seq uently filled wit h
excretory clayey material. If so, th e pa rt of the tr ough with the marginal fringes ind ica tes the
d irect ion of th e bu rro wing. D ZULYNSKI and KINLE (1957) ascr ibe th e or igin of the troughs
to th e bru shing of the bott om by free swimming anima ls, probably fishes .

Occurrence. - Senoni an - Ropi anka Beds : Slemien , Wola Brzeziriska . Palaeocene-Lower
Eoccne - Variegated Shales : U scie Gorlicki e. Lower Eocene - Beloveza Beds (locally fairly
frequent): Zubrzyca G6rna, Lubomierz, ' Polrzeczki, Popowice, Trzet rzewina, N awojowa,
Berest , Uscie Gorlickie. Middle Eocene - Hieroglyphic Beds : Skomi elna Cza rna .

lchnogenus Oniscoidichnus BRADY, 1949

Type ichnospccies: Oniscoidichnus fi liciformis (BRADV) (H ANTZSCHEL, 1962).

Oniscoidichnus carpathicus n. ichno sp.
(pl. 11, fig. 11)

Holotyp c : UJ TF 1471 (pI. 11, fig. 11 ).
Type locality : Lubomierz near Mszana Dolna.
Type horizon : Krosno Beds, Oligocene .
Ma terial: 2 slabs, one with a single trace, the other with seven traces.

Diagnosis. - Epichnial t rack , feebly curved, with a low median ridge bordered on either
side with tiny round incisions .

Description. - In the holotyp e th e median ridge is 1.5 mm wide . It is bord ered by grooves
of similar width. In places, the rid ge is inci sed b y t ra nsve rsa l delicate grooves, otherwise it is
smooth. In th e lat eral grooves on either side of the med ian ridge th ere are rows of small roundish
incision s, about 1 mm wide and 0'8-1 mm long, spaced at fairly regular interva ls. These incisions
U"G slightly oblique to th e ax is of the trace. The course of th e trace is only weakl y bent.

On th e other slab, collected in th e same cross-section, there are severa l similar t races, b ut
much sma ller. Some of them are straight , othe rs curved.

Remarks. - Th e trace resembles th at described by BRADY (1949) , which is twice as wide
as our specimen and shows a more pr onounced relief.

Sediment. - M arly siltstone.
Association. - Some ro und or ellipt ica l depressions occur in the pr oxmuty of the trace.
Origin. - BRADY regards Oniscoidichnus as the track of a n isop od (Onisclls - recent isop od).

Th e incision s might have been made by th e half- wal king, half-swimmin g an imal.
Occurrence. - Oligocene - Krosno Beds: Lubom ierz.

lchnogenu s Sc olicia de QUATREfAGES, 1849

Type ichnospecies: Sco licia prisca de Q VATREFAGES ( HA t'TZSCHEL, 1962).

Remarks. - GOTZINGER and BECK ER (1932, 1934) described th ree-lobed traces under th e
nam e Palaeobullia , regard ing them as tracks (" Eihrten"). They dist ingu ished severa l types, not
giving any spe cific names to th em , although they believed tha t "offe nbar wurden manche dieser
Fa hr ten von verschiedenar tigen G astropoden erzeugt" (1934, p. 83). All the kind s they illu s­
trated have bee n found in th e Ca rpathian f1ysch . All th ree ichnospecies assigned here occur
essentia lly as crawling trails, but full burrow fo rms also exist.

Origin. - GOTZINGER and BECK ER (1932) ascribed the Sco licia traces to crawling gas tropods .
. If in fact the producer were a prosobranch, the medi an lob e may represent its median crawl-way
and its sculpture is due to the undulatory movements of th e foot of the anima l, whil e th e side­
to-side pendulating movements of the forward part of th e bod y sculpture d th e lat eral fri nges
(SCHAFER, 1972). CHAMBERLAIN (1971a), however , who not iced cer ta in pits and lobes at th e
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base of the burrow, presumes th at this type of burrow may be made by a crustacean. The
presence of narrow rims or cylindrical strings bordering the median lobe on either side is also
difficult to account for , if the trace were produced by a crawling gastropod. It may be assumed
that a large polychaete was the producer of this trace. Some errant polychaete worms have
developed relatively wide and long parapodia. In some kinds , as in the recent Ner eis (Neanthes)

b
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Fi g. 23
Sco licia D E Q UATR EFAG ES (diagra mmatica lly)

oS. prisca, locomotion tra il ; [§I A. prisca, feeding burrow; @-IBS. plana : @ the type with deep marginal grooves;
fdi the type with shallow marginal grooves ; fCl the type with a median trench ; jfj the type with lateral rims ; iSi the type
with a median ridge; IB the type with bundle:J"ike riblet s in the med ian lobe ; Ei s:plana, feeding burrow; ill S :-I'ertebralis,

locomotion trail ; 18 S. vertebralis, feeding burrow

virens, the parapodia overlap on bends (FAUVEL ill GRASSE, 1959, pI. I) and when the animal
crawls they may impress an imbricate track similar to the lateral fringe"'in Scolicia, and the
annulated trunk of the animal imprints the segmented median lobe of the trail. In some kinds
of Scolicia the median lobe is bordered by narrow rims (pI. 14, fig. 2). Some polychaetes have
short narrow rims at the base of the parapodia (Hesione splendida, F AUVEL, O. c., p. 171, fig.-14 IA)
which may form the bordering rims during locom otion. The winding course of the Scolicia
traces is also in conformity with the manner of locomotion proper to most of the errant poly­
chaete annelids, which tend to follow a sinuous course. It is also possible that the pits and
lobes noticed by CHAMBERLAIN at the ba se of the burrow are imprints of the parapodial pro-
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tuberances, by means of which the animal finds points of support on the substratum during
its motion.

The trails of Scolicia-occur for the most part on the upper surface of sandstone layers, so
that it may be supposed that they might have been formed by animals crawling on the sea­
bottom, along the sediment/water interface. In many instances, however, the covering mudstone
or shale is so gradually linked with the underlying sandstone that it must be supposed that the
mud was deposited immediately after the sand had been laid down, so that the latter never
formed the sea-bottom, but was separated from the water by a mud layer a few centimeters
thick. For this reason it may be presumed that many Scolicia were formed by animals moving
in mud, below the sea-bottom. In same instances Scolicia occurs just below the upper surface
of the sandstone. It should be added that KERN and WARME (1974), who observed backfill
structures within the Scolicia trace, presume that Scolicia is a burrow rather than a surface
trace. The presence of full burrow forms at the sandstone/shale interface may also serve as
concurrent evidence that Scolicia is not only a surface trail.

In this way the conclusion is reached that the traces of Scolicia are of three kinds: (I) actual
surface crawling trails, (2) subsurface crawling trails made when the animal moved in mud
but did not fill its gallery with excretory material, (3) full burrows when the animal filled its
gallery with the processed material. In the first and second cases the trace reflects only the
movements of the ventral side of the animal; in the third instance the movements of the whole
body of the animal are impressed to a cer tain extent on the walls of the burrowing gallery.

Scolicia prisca de QUATREFAGES, 1849
(pl . 11 , fig. 12; pI. 14, fig. 8; pl , 15, fig. 6)

1849. Sco/icia prisca (A. de Q .), de QUATREFAGES, p. 265 (no illustration) .
1934. Palaeobullia (p . pt .), GOTZINGER & BE CKER, p. 83, fig. 2, 3.
Material: The trace is developed in two forms : A - an epichnial or sub-epichnial trail ; B - as an epichnial fult

burrow.

Description. - Form A: 20 specimens and at least one hundred occurrences noted in the
field .

In most specimens the median ridge is 5-7 mm wide and 4-6 mm high; the lateral lobes
are each up to 10 mm wide. The height of the median I idge is always smaller than that attained
by the lateral lobes. The ribs on the median lobe are either straight, or slightly crescent, bent
in one direction. In some specimens there is a shallow longitudinal incision along the crest
of the median lobe. The sculpture of the fringing lobes consists of asymmetric riblets, oblique
to the axis of the trail, with one side steep and the other almost flat . This gives an imbricate
appearance to the fringes.

The trails wind loosely and often densely cover the upper surface, transecting or overlapping
one another. Only in rare instances does this form occur singly.

Form B: 8 specimens, all epichnial except for one hypichnial.
The median lobe of the trace is a cylindrical body (text-fig. 23) with an arched dorsal side

but an almost flat bottom. Its diameter ranges from 5 to 10 mm; its height is about 8 mm.
On either side the central cylinder is bordered by full strings 3-5 mm wide. The lateral fringes
are usually only feebly developed, and in one or two specimens are entirely lacking. The trace
is long, loosely winding, but may be quite short, 5-6 cm long.

If the median cylinder is removed, an epichnial furrow is left (pI. 15, fig. 6). It shows a ra ther
indistinct transverse ribbing, similar to that in form A, three-lobed or bilobate. In the latter case
there is no median lobe. This may lead to the inference that when the animal was excreting, its
body (the foot if it were a gastropod) executed somewhat different movements than when it
moved leaving only its trail. Since a trail is often combined with a full burrow it may be pre­
sumed that the animal egested intermittently.
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Form B also winds freely. On the contrary to form A, it never profusely covers the upper
surface.

Sediment. - Very fine-grained sandstones and siltstones.
Association. - Form A occurs to the exclusion of other traces. In a few instances it is

accompanied by Naviculichnium .
Occurrence. - Senonian - Ropianka Beds: Lirnanowa, the hamlet Marciszow (l specimen).

Palaeocene - Upper Istebna Beds : Tabaszowa. Lower Eocene - Variegated Shales: Zaryte,
Lipowe; Beloveza Beds (frequent): Zlatna, Zubrzyca Gorna, Lipnica Mala, Sidzina, Osielec,
Letownia Gorna, Tokarnia, Zbludza, Myslec, Popowice, Berest (here particularly frequent).
Middle Eocene - Hieroglyphic Beds (frequent): Istebna, Milowka, Zawoja (the stream Kori­
skie), Grzechynia, Juszczyn, the hamlet Kozlownik (full burrow form reported as aff. Climacti­
chnites , KSIJ\ZKIEWICZ, 1960), Osielec, Jordanow (the hamlet Munkacz), Kojszowka, Tokarnia,
Wiecierza, Polany, Wysowa, Daliowa; Pasierbiec Sandstone: Tokarnia; Lacko Beds: Sidzina,
Kamienica near Nowy Sacz, Mysl ec, Upper Eocene - Magura Sandstone: Grzechynia, Rzyki
near Limanowa, Ochotnica , Kamionka Wielka, Florynka, Berest. Oligocene - Krosno Beds:
Debna (in some layers frequent) , Wuj skie (the Slonne Mts.) , Dzwinacz Dolny (full burrow
on the lower surface!).

Scolicia plana KSIJ\ZKIEWICZ, 1970
(pI. 14, figs 2-5, 7 ; text-fig. 23)

1932. Palaeobullia (p , pt.), GOTZINGER & BECK ER, p. 379, figs 2-4.
1970. Scolicia plana ichnosp. nov. , KSlr\ZKIEWICZ, p. 289, pI. 1c.
Holotype : UJ TF 585 (pI. 14, fig, 3)
Type locality: Sromowce Wyzne, Pieniny zone.
Type horizon : Sromowce Beds, Lower Senonian.
Derivation of the name: Lat. planus - flat; flat median lobe .
Mat erial : 35 specimen s of form A and 2 specimens of form B.

Diagnosis. - The trace is developed in two forms:
Form A. Epichnial trilobate furrow with low flat median lobe, densely striated and bordered

by lateral less densely ribbed fringes . The median lobe may be bordered by narrow rims and
longitudinally transected by a very narrow trench .

Form B. Epichnial trilobate full burrow, almost rectangular in cross-section bordered
on either side by full cylindrical strings and feebly developed lateral fringes.

Description. - In the holotype the median lobe is 10-12 mm wide, and the lateral fringes
atta in no more than 10 mm in width. The median lobe is flat and rimmed with narrow deep
grooves. The transverse ribbing of the median lobe is dense (8 to 12 riblets per 1 cm), the riblets
are nearly straight and at right angles to the axis of the trail. The sculpture of the lateral fringes
consists of irregular riblets and striations oblique to the axis of the trail.

This trace is variable in the details of its sculpture. (text-fig. 23 c-i). There are specimens
in which the grooves bordering the median lobe are not so deep as in the holotype and gently
pass into the slope of the lateral lobes (text-fig. 23 d). These two modes of lateral grooves may
occur in one and the same specimen, but more frequently the grooves maintain the same
character along the whole length of the trail. In some specimens the median lobe is bordered
not by grooves but by very narrow ridges (text-fig. 23/). Their crests may be round or flat.
They are either lower than the median lobe, or project slightly above it. Their presence was
noted by GOTZINGER and BECKER (1934, figs 4 and 6). In some specimens they occur along
the whole length of the trail, but more frequently are developed only in some parts of the trail,
and disappear in others. This indicates that the pi esence or absence of lateral grooves and
ridges cannot be taken as a basis for specific division of the trails grouped as Scolicia plana.
Probably thes e features a re due to the producer's complex type of crawling.
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T he riblet s on the med ia n lobe are either st raight or un ifo rml y bent in o ne d irect ion. In
so me inst ances the riblet s j o in into two or three at the edge of th e med ian lobe.

The medi an lobe may have a lon gitudin al narrow incisions in the middle (text-fig. 23e) .
This trench seems to be de void of any transversal st r iat io ns , but it int errupts th e rib lets of t he
med ian lobe whic h are weak ly be nt at the contact wit h the trench. Agai n, in so me speci me ns
th e tre nch is seen a long the whole length of the t rai l, bu t usuall y it occurs in so me parts a nd
di sappears in o thers, so tha t thi s fea ture, a lso noted by GOTZINGER and BECKER ( 1934, figs 7, 8),
cann o t be taken as a specific d ist inct ion. Conver sely, in one specimen (pI. 14, fig. 5; text-fig. 23g),
in stead of the medi an trench there is a narrow ridge, on which the t ra nsve rse riblet s a re eithe r
slightly elevat ed or inter rupted .

In one specimen th e medi an incis io n is relat ively la rge (1'0 to 1·5 mm) a nd di vid es the
r ibbi ng of the med ian lobe int o t wo parts. T he rib lets a re no t so del icate as in othe r specimens ;
they are thicker a nd joined in bundles (pI. 14, fig. 4). This specime n corresponds to typ es 7
a nd 9 in fig. 4 of GOTZINGER a nd BECK ER (1934). It see ms that thi s typ e deser ves specific
distincti on.

The lat er al fr inge s a re not a lways well de veloped . U suall y they slope towards the median
lobe a t a more o r less low a ng le, b ut in some cases th ey a re a lmost hori zontal. The sculp ture
of the fringe is, on th e whole, feebl y marked o r eve n abs ent. The spaci ng of the rib lets is much
less dense than in th e med ian lobe. In contrast wit h S. prisca, the imbricat ion of th e fr inges
is hardly developed .

• S colicia plana, lik e S. prisca, occurs gregariously : upper surfaces a re cr owde d wit h these
traces, lo osely win d ing a nd commonly crossing through one a nother.

Form B. Sp ecimen UJ TF 498 (pI. 14, fig. 2; text-fig . 23h) represents a full burrow form.
The med ia n str iated lobe is bordered b y two narrow r ims which are cylindrical. The median
lobe is a lso cylindrica l, but fla ttened and not so well sepa ra ted fr om its base as the la tera l string s .
The centra l lobe is 10 and the lateral st rings arc 3-5 mm wide . The lat e ra l fringes a re weakly
developed , ma l ked as sha llo w depressions with no scu lpt ure at all.

The full fo rm is not so common as the locomot ion trail, and never occurs so greg arious ly.
Remarks. - Some types figured by KINDELAN (1919 , pI. 5a) and FARRES (19 63, fig. 6, wit h

a tre nch in the median lob e) represen t the locomoti on trail of this ichnospecies.
Sediment. - Very fine-grai ned sands tones a nd siItsto nes. Ex cep tionally in one case t he

t rail is developed in coarse material , with gra ins u p to 1 mm in diameter.
Association. - U suall y othe r traces a re absent. In th e Sromowce Bed s posteri or to He/­

niinthopsis irregular is. In the Inoceramian Bed s int er sects Phyc osiphon.
Occurrence. - Albian - Lgot a Beds (fre q uent) : Rzyki nea r W adowice (in severa l layers),

K aczyn a , Bystre. Cenorn a nian -- Lower G odula Bed s : U strori (the hamlet Poniwiec) , Rzyki
near Wadowice, Czch 6w. Turonian - M iddle Godu la Bed s : Kocierz, Ta rgoszow, Ponik iew ,
Jaroszowice (the hamlet G olebiowka) ; Gl obotr un cana Variegated M arI s: Szaf1ary. Scnonian ­
Inoceramian Bed s : Laczk i Kucharskie, Rz egocin , K a kolowka , W ol od z, Nienadowa (the st ream
Swinka) , Huwniki , M akowa, K al waria Pacl awska , R omanowa W ol a ; Skrzydlna Bed s: W ier z­
ban owa , Przenosza ; G orzeri Bed s: Wi er zbanowa ; Upper G od ula Bed s: Rudnik , Czch6 w ;
Ropianka Beds : Jaworzynka , L ipn ica W ielka (the hamlet K iczora) , Bierikowka , Trzebunia ,
Tokarnia , R aba W yzna , Lim anowa , W ol a K rogul ecka , Biczyce, Bial a W yzna , O wczary, Siary
(form B), Sekowa, Skwirtne. Palaeocene - Szczawnica Beds: K roscien ko on the D unajec,

S colicia verteb ra/is n. ichnosp .
(pI. 14, fig, 1,6 text-figs 2Jj , k, 29)

Holotype: DJ TF 1478 (pl. 14, fig. I) ,

Type locality : Bach6w near Pr zernysl.
Type horizon: In oceramian Beds, Senonian.
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Fig. 30
Spirorhaphe involuta DE S TEFANI

oDE S TEFANI, 1895, pl. 14, fig. I. x 0.5; IB Gr6dek , Ciezkowice Sandstone, UJ TF 211. x 0.5; @Wola Kroguleck a ,
Ropianka Beds, UJ TF 1850. x 0.5; @I Lipnica Mala, near the Zosiak clearing, Ropianka Beds, UJ TF 210. x 0.25

tr ace, which may even by detached from the sole, point to a post-depositional origin. This
means that the tr ace is a feeding burrow of the Pascichnia sensu SEILACHER type.

The worm Paraonis Iulgens makes similar spirals which pass outwards into meanders
(GRIPP, 1927). This has not been observed in th e Carpathian material. Neither have spirals
been found occurring at different levels one above the other with vertical links between them,
as is described in the contempo rary traces on the Balt ic shore.

This tr ace sometimes occurs in a not wholly completed form as interrupted circular rings.
In some cases, if no fragments of spirals are developed , doubts ar ise whether these traces
actually belong to Spirorhaphe. There are tr aces like that illustrated in text-fig. 32 in the form
of a circular or elliptical ring. They are hypichni al forms, in all likelihood casts. The out ermost
ring is the highest (in the illustrated specimen 2.5 mm) the inner rings are much lower and
the inner part of the circle is smooth. The outer ring, and to all appearance also the inner rings,
are interrupted in one place. It may be presumed that these tr aces were made by "circle scribers"
which live in mud and by means of their bristles, tentacles or proboscis, grazing the mud,
make circles on the sea-bo ttom, as described by HEEZEN and HOLLISTER (1971).

Occurrence. - Senonian - Inoceramian Beds: Kakolowka (small form ); Lower Istebna
Beds : Tabaszowa (KSIJ\ZKIEWICZ, 1960, p. 738, pl. 2, fig. 6). Ropianka Beds; Lipnica Mala
(the clear ing Zosiak - spirals up to 25 cm in diamet er), Wola Krogulecka (large type). Palae­
ocene - Upper Istebna Beds: Tabaszowa (small form), Czarnorzeki (small form). Lower
Eocene - Ciezkowice Sandstone: Znamirowice, Gr6dek (small form , here very frequent in
some layers); Beloveza Beds: Nawojowa (I specimen, 20 cm in diameter) . Upper Eocene­
Magma Sandstone : Maszkowice (spira l 40 cm in diameter) .
10 - Pal aeontologia P ol onic a No . 36
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Spirorhaphe zumayensis (LLARENA), 1946
(p1. 18, fig. 3)

1946. Helminth oida zumayensis n. sp.? , LLARENA, p, 37, pl. 1, fig. 12, pl , 3, fig. 11.
Mat erial: 9 slabs, some with a few spirals.
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Description. - This is an exichnial form with very narrow-gauged furrows (0.1-1 mm),
closely spaced. The bottom of the furrows is inclined towards the centre of the spiral. In some
specimens very delicate dens e transverse striations (10-12 per 1 cm) of the furrows are visible.
The trace occurs on the upper surfaces of sandstones, and more frequently on the parting
planes of shales. When the rock is split parallel to the bedding, almost every plane is densely
covered with spirals. The size of the spirals ranges from 10 to 40 cm, and some spirals are
even greater, but to extract a complete specimen from fissile shales is imposible. No return
loop has been noted.

Remarks. - LLARENA (1946) rather doubtfully assigned this trace to Helminthoida and
regarded it as related to Helminthoida labyrinthica. SEILACHER (1959) included it to Spirorhaphe.
Identical spirals with minute furrows were previously regarded (KSIJ\ZKIEWICZ, 1970, p. 305,
pI. 3e) as a new ichnospecies nam ed S. minuta. On collecting more material it appeared that
there arc no appreciable differences, except for the size, from the type of LLARENA.

Sediment. - In most cases this traces occurs in dark , almost black shales, also in marly
interbeds. In very rare instances this in an interface tr ace at a sandstone-shale juncture.

Association. - Often together with Helminthoida labyrinthica.
Origin. - Probably simila r to th at of S. involuta , but produced by an animal burrowing

not along the interface but inside the clay. The striae may be peristaltic in origin. Their presence
seems to suggest a polychaete worm.

Occurrence. - Senoni an - Ropianka Beds : Sopotnia Mala, Mszana Dolna (the stream
on the slope of Mt. Strzebel), Wola Krogulecka. Palaeocene ---: Szczawniea Beds (frequent):
Kroscienko on the river Dunajcc ; Variegated Shales: Szczawa (the stream Glebieniec - here
frequent in dark shales developed in the lowest part of the horizon, which is pos sibly equivalent
to the Szczawnic a Beds). Lower Eocene - Beloveza Beds: Szczawa (the stream Glebieniec) .

Ichn ogenu s Spirophycus HANTZSCHEL, 1962

Type ichnospecies: Spirophycus bicornis (HEER).

Remarks. - This name has been introduced by HANTZSCHEL (1962) to replace the term
Ceratophycus of SCHIMPER (1879) and later authors (F UCHS, 1895). Here are included thick
traces spirally coiled at one or both ends.

Origin. - All the three ichnospecies recogni zed in the Carpathian material are subcylin­
drical casts filled with small scale current laminated sand. There are few exceptions to this
rule , like the specimen of S. bicornis UJ TF 567 which is a full burrow. SEILACHER (1955, fig. 5,

Fig. 31
Spirophycus HANTZSCH EL

0-8 S. bicornis (H EER) : 0 Szczawa, the st ream Glebi eniec , Beloveza Beds (field drawing); IB Srnrekowiec, Ropianka
Beds (field drawing); @Zubrzyca Gorna, Belovcza Beds, UJ TF 575 ; ED Letownia G6rna, Beloveza Beds, UJ TF 208;
El Zubrzyca G6rna, Beloveza Beds, UJ TF 565; ill Osielec, Hieroglyphic Beds, UJ TF 555; I!I Skomielna Czarna,
Hieroglyphic Beds. UJ TF 932 ; ~ Grzechynia, Hieroglyphi c Beds, UJ TF 570; El Tabaszowa, Upper Istebna Beds,
UJ TF 203 ; illKaclowa, R opianka Beds (field drawing) ; 0 Ujsoly, Magura Sandstone, UJ TF 2004 ; QI Budz6w, the
stream Drozdzina, Hierogl yphic Beds, UJ TF 206; Irn l Harbutowice, Sub-Magura Beds, UJ TF 557 ; El Letownia Gorna,
Hieroglyphic Beds, UJ TF 2046 ; 8 Brzezna, Ropianka Beds (field drawing): ]£)-0 S. caprinus (HEER) : ]£I Tokarnia,
Hie roglyphic Beds, UJ TF 796; @ Letownia G orna, Beloveza Beds, UJ TF 81; @Osielec, Hieroglyphic Beds, UJ TF
194; 0-lwl S. involut issimus (SACCO) : 0 Myslec, Hieroglyphic Beds. UJ TF 2047; ill Lipnica Wielka, Beloveza Beds.
UJ TF 566; [0 Lipowe , Var iegated Shales (field drawing); lwl Sidzina, Beloveza Beds, UJ TF 569. All figures x 0.5
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74) regarded this form as a cast, as implied by his drawing, but later (1967, fig. 4) the same
form was interpreted by him as a full burrow. According to KERN and WARME (1974) Spiro­
phycus is a burrow rather than a surface trace. It follows from the abundant Carpathian ma­
terial that the producer most frequently lived on the sea-bottom, or just below it, but was
also able to burrow below thin sand layers. Spirophycus is then either a locomotion trail (in
most cases), or a feeding burrow. The producer might have been a polychaete, but acorn worms
may also be taken into account (HEEZEN & HOLLISTER, 1971).

Spirophycus bicornis (HEER, 1876)
(pI. 18, figs 4, 5; text-fig. 31(/- 0)

1876. Miinsteria bicornis HR., HEER, p. 165, pl, 66, figs 1b, 2.
Mat erial: 30 specimens and numerous occurrences noted in the field.

Description. - This hypichnial, rope-sized trace has a smooth surface. It is most frequently
curved like a crozier at one end, more rarely at both ends. There is considerable variability
in the manner of coiling and the shape beyond the coiled part. The width of the trace is 10 to
15 mm, its height may be as much as 15 mm. The specimens occurring in Cretaceous beds
are for the most part smaller than those in Palaeogene beds. The trace often occurs singly, but
may also be gregarious. In this case two strings may touch or intersect one another, but usually
they are set far enough apart not to overlap.

Sediment. - Mostly horizontally or current laminated sandstones fine-grained and thin­
bedded (the thickest 8 cm).

Association. - Usually with no company. In one case posterior (full burrow) to Helminthoida
crassa.

Occurrence. - Common in the lower part of the Palaeogene. Scnonian - Inoceramian Beds:
Laczki Kucharskie, Huwniki; Upper Godula Beds: Jawornik; Lower Istebna Beds: Istebna
(the Olza valley); Ropianka Beds: Limanowa (the hamlet Marciszow), Mordarka, Brzezna,
Uscie Gorlickie, Kaclowa, Smrekowiec. Palaeocene - Upper Istebna Beds: Tabaszowa.
Lower Eocene - Beloveza Beds (frequent) : Lipnica Wielka (KSIJ\ZKIEWICZ, 1960, p. 738,
pI. 2, fig. 7, reported as Ceratophycus), Lipnica Mala, Sidzina, Tokarnia, Szczawa (the stream
Glebieniec), Trzetrzewina, Uscie Gorlickie. Middle Eocene - Hieroglyphic Beds (frequent):
Koszarawa, Zawoja, Osielec, Letownia Gorna, Sidzina, Grzechynia, Skomielna Czarna, Wie­
cierza, Budzow (the stream Drozdzina), Tokarnia, Stara Wies, Zubracze ; Lacko Beds: Nasza­
cowice, Myslec. Upper Eocene - Sub-Magura Beds: Harbutowice; Magura Sandstone: Ujsoly.

Spirophycus caprinus (HEER, 1876)
(pI. 18, figs 6, 7 ; text-fig. 31 p, q, r)

1876. Milnsteria caprina. HR., HEER, p. 163, pl. 65, fig. I.
Material: 8 specimens.

Description. - This trace is similar in shape and dimensions to S. bicornis. The only dif­
ference is the presence of small knobs, round or feebly elongated, developed mainly on the
coiled part. Some parts of the surface may be devoid of any ornamentation. The Cretaceous
specimens like those of S. bicornis, are usually smaller than the specimens occurring in Pala­
eogene beds. It occurs singly, but in one or two places is gregarious.

Remarks. - The ornamentation in the specimen illustrated by HEER is more regular than
in our material. His type is also larger than our specimens.

Sediment. - Fine-grained, graded or horizontally laminated sandstones up to 6 cm thi
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Fig . 32
Scribing trace? Przenosza, Skrzydlna Beds, UJ TF 1140. x I
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Association. - S ublorenz inia pusilla, Protop aleodictyon submontanum, intersected by Sabu­
laria.

Occurrence. - Much rarer than S. bicornis. Senonian - Ropianka Beds: Limanowa, Wola
Brzeziriska, Florynka. Palaeocene - Upper Istebna Beds: Nawsie Kolaczyckie. Lower
Eocene - Beloveza Beds: Zubrzyca G6rna, Letownia G6rna. Middle Eocene - Hieroglyphic
Beds: Milowka, Zawoja (the stream Koriskie), Osielec (Przykrzec Mt.), Tokarnia, Letownia
G6rna, Juszczyn, H ariczo wa (one layer with thi s trace profusely covering the sole). Lacko
Beds: Zubrzyca Gorna (the hamlet M oni ak6w).

Spirophycus involutissimus (SACCO, 1888)
(pI. 18, fig. 8; text-fig. 3I s-w)

1888. Miinsteria involutissima, S ACCO, p. 168, pl. 2, fig. 14.
Mat erial : 4 specimens and a few occurrences noted in the field.

Description. - Th e few specime ns collected from various horizons have th e following
features in common: the spiral is composed of not very thick strings (6-8 mm , on the whole
thinner than in S. bicornisy, it is rather low, and there are usually three rings. This corresponds
well with SACCO'S description and illustration.

Remarks. - It may be open to argument whether Cylindrites convolutus FISCHER-OOSTER
(1858 , p. 58, pI. 15, fig. 1) is not the same form. It is somewha t larger. The specimen is broken
and therefore a comparison with the material of SACCO is not po ssible. If it is identical, the
name used by FrscHER-OOSTER should have priority.

Sediment. - Fine-grained , thin-bedded (up to 4 cm).
Occurrence. - Senoni an - Gorzeri Beds: Wierzbanowa ; Ropianka Beds: Brzezna, Kac­

Iowa. Palaeocene-Lower Eocene - Var iegated Shales: Lipowe. Lower Eocene - Beloveza
Beds: Lipnica Wielka, Berest ; Ciezk owice Sandstone: Znamirowice. Middle Eocene .- Hiero­
glyphic Beds: Zawoj a (the stream Koriskie - a tra il filled with 'tests of Sphaerammina, another
proof of pre-depositional origin), Lipowe, Wola Krogulecka, Myslec,
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VIII. MEANDERING STRUCTURES
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Here are assigned all regularly meandering traces not provided with lateral appendages
or branches. The meanders in particular ichnospecies are of approximately uniform shape.
In some ichnogenera th e meanders are composite: they consist of larger first-order meanders
composed of smaller second-order meanders. The meanders may be either free, when the width
of the meander at its base is not much smaller than its height and the arms of meander are not
parallel , or forced ("guided" meanders, "gef iihrte Meander"), when the meanders are narrow
with more or less parallel arms. Finally, the path of the meander may lie in one plane, or be
helicoidally wound.

The following ichnogenera are included in thi s group: Cochlichnus HlTCHCOCK, Cosmorhaphe
Fucns, Gordia EMMoNs, Helicolithus AZPElTIA, Helminthoida SCHAFHAUTL, Paleomeandron
PERVZZI, Taphrhelminthoida n. ichnogen.

Most types of this group may be assigned to Pascichnia (feeding trails of SEILACHER, 1964a)
and some to Repichnia, but for several the interpretation is ambiguous.

Ichnogenus Cochlichnus HITCHCOCK, 1858

Typ e ichnospccies : Cochlichnus anguineus HITCHCOCK (HANTZSCHEL, 1962).

Cochlichnus aff. anguineus HITCHCOCK, 1858
(pl. 20, fig. 1; text-fig. 36p, q)

1858. Cochlichnus anguineus (Nov. Sp.), HITCHCOCK, p. 161, pl. 26, fig. 6.
M aterial : 3 specimens and a few occurrences not ed in the field.

Description. - The string in the best specimen is 0·8 to 1·0 mm wide, thickened at the
apices of the meanders. The meanders, which are low and broad at the base, but short, are
on the whole of simil ar shape. The relation of the length to the height of the meanders varies
within narrow limits : 8: 4, 6: 3, 5: 3. The course of the meandering trace is almost straight or
feebly winding.

Remarks. - There is hardly any difference from the Triassic trace described by HlTCHCOCK.
Some of the specimens illustrated by him are thinner and less regularly meandering, but one
(left side of his fig. 6) seems to be identical.

A very similar form was described by NowAK (1970) from the Podhale Flysch under the
name ex aff. Sinusites RENIER, a term regarded by HANTZSCHEL (1965) as synonymous with
Cochlichnus.

Sediment. - Thin-bedded, but in one case 15cm thick, sandstones, fine-grained, horizontally
laminated.

Association. - Cosmorhaphe, Fucusopsis annulata.
Origin. - Re-entrants on the sides of the string and its cylindrical form indicate a post­

depositional origin, but Hitchcock described this trace as a "trackway".

Fig . 33
Cosmorhaph e F UCHS

0 -0 C. gracilis n. ichnosp. : 0 FUCHS, 1895, pl, 6, fig. 1. Wienerwald flysch ; ~ Kobielnik, Szydlowiec Beds, VJ TF
1162; @ Pr zenosza, Skrzydlna Beds, VJ TF 1138; 0 Wola Krogulecka , Ropianka Beds, VJ TF 1853; lel Rzegocin,
Inoceramian Beds, VJ TF 1755; 0 Gr6dek, Ciezkowice Sand stone, VJ TF 91; i!l-ill C. sinuosa (AZPElTlA): f8i Grybow,
Ropianka Beds, VJ TF 1872 ; IB Chyzowki, Ropianka Beds, VJ TF 672; Ei Lipniea Wielka, the hamlet Kiczory, VJ TF _
1118; TIT Lipnica Wielka , Variegated Shales, VJ TF 1107; iki-I rn l C. helminthopsoidea n. ichnosp.: Tki Limanowa, Ro­
piankaBeds, UJ TF 829; I!I Limanowa, Ropianka Beds, VJTF828; Jrn l Osielec, Ropianka Beds, VJ TF 249; 8-0
C. fuch si KSI-\ZKIEWICZ: 8 Berest, Beloveza Beds (field drawing); ~'Lipnica Mala, Beloveza Beds, VJ TF 2048;
1£1 Letowni a Gorna, Beloveza Beds, VJ TF 2049; ~ Sidzina, Beloveza Beds, VJ TF 7; El Lipnica Wielka, Beloveza

Beds, VJ TF 11; 0 Lipnica Wielka , Beloveza Beds, VJ TF 2050. All figures x 0.5
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Occurrence. - Palaeocene-L ower Eo cene - Vari egat ed Shales : Lipowe, Us cie Gorl ick ie.
Lower Eocene - Beloveza Beds: L ipnica M ala , Zubrzyca Gorna , S'dzina, Berest. Middle
Eocene - Hieroglyphic Beds: Wysowa, Komaricza.

Ich nogenu s Costnorltaphe FUOIS, 1895

Type ichnospccics: Helminthopsis sinuosa AZPEIT IA (ill 1-lii NT ZSC H EL, 1962),

Remarks. - Here are included composite meanders co nsisti ng of first-order meanders with
numerous second-orde r meanders wh ich are guided . Th e surface of th e string is smooth.

Neither diagn osis nor species nam e was given by F UCHS, who illustrat ed a fine specimen
in pI. 6, fig. 1.

Origin. - Th ere are d ifficult ies in determining whe ther the represent atives of thi s ichnogenus
are pre- or post-depositional . Th e strings arc alm ost always subcylindr ica l which do es not give
a clue to the answer. In on e ichnospecie s, C. fuchsi, th e trace is intersected in two specimen s
by drag marks, but in other specimens full cylindrical form s are a lmost cert ain. It is then pos­
sible that th e traces of Cosmorliaphe may be eithe r pr e- or po st-depositional , produced by
animal s which could live both on the sea- bottom or close to it , but when the sea-floor was
covered with a thin layer of very fine-gr ained sand, th ey were able to burrow in it along the
clay/sand interface. Thi s view seems to be corroborated by th e fact th at all representatives of
this ichnogenus occur only on soles of very fine-grained and thin-bedded sandstones. It is also
possible that some specimens a re locomoti on trail s, and others feeding burrows of the Pascichnia
type. The absence of any segmenta tion does not necessarily invalidate the presumption th at
the animal "was a pol ychaet e. An y worm -shaped anima l or gas tro pod without external orna­
mentation could produce thi s trace.

Cosniorhaphe gracilis n . ichnosp .
(1'1. 19, figs I , 2; text-fig. 33 a-f)

Lectot ypc : FunIS, 1895. 1'1. 6, fig. I.
Neo type: UJ TF 1162 (1'1. 19, fig. I) .

Type locality (for th e neoty pc): K ob iclni k nea r M yslcn ice,
Type horizon (for th c neot ype) : Szyd lowicc Beds, Seno nian .
Derivation of the name: Lat. g racilis- graccful; because of thc sty le of th e pa tter n .
Material : 8 specime ns ,

Diagnosis. - H ypic hni al th read -sized subcy lind rica l full burrow ( ?) gently meandering.
The height of th e second-order meanders is equa l to their width .

Description. - In the specimen chos en for the neotype the string is 0.5 mm wide and
a fraction of a millimetre high . The first-order meanders a re up to 15 mm high and about
5 mm broad at the base. The second-o rder meanders are about 2 mm high and 2 mm wide.
They show a slight tendency to becom e loop-like. The string is composed of somewhat coarser
material than the enclosing rock.

In another specimen (pI. 19, fig. 2, text-fig. 33.f) th e strings ar e even thinner (0,3 mm); the
first -order meanders are about 7 mm high and 10 mm broad at the base. The very regular
second-order meanders a re 2·5 to 3 mm high and almost equally wide at the base. There is no
loop-like form in th e second-orde r meanders.

Oth er fragmentarily developed specim ens resemble more or less closely the specimens de­
scr ibed . In the specimens fr om the Krosno Beds , poorly developed, the strings are thicker
(almost 1 mm).

Remarks. - The pattern of meandering a nd the dimensions do not differ much from the
form pictured by FUCHS. The trace is to a certain extent a mini ature of Cosmorhaphe sinuosa,
and the ' possibility that Cosmorliaph e gracilis ma y be a juveni le form of that ichnospecies
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should be kept in mind . The loop-like form of the meanders of the second-order is more ac­
centuated in C. sinuosa, which is a much larger type. It should be added th at C. gracilis never
occurs together with oth er Cosmorhaphe, either on the same sole or in th e same stratigraphic
position.

Sediment. - Fine-grained laminated sandstones, a few cm thick (the thickest 5.5 cm) .
Occurrence. - Senoni an - Inoceramian Beds: Rzegocin ; Skrzydlna Beds: Przenosza;

Szydlowiec Beds : Kobieln ik ; Ropianka Beds: Wola Krogulecka, Wola Brzcziriska (cf.). Lower
Eocene - Ciezkowice S mdstone : G r6dek (cf.) Oligocene - Krosno Beds: Wuj sk ie, Mts. Slonne
(cf.).

Cosmorhaphe sinuosa (AzPElTIA , 1933)
(pl, 19, figs 3-5; text-fig. 33g-j)

1933. Helminthopsis sinuosa n. sp ., AZPE ITIA, p. 45, pl. 14, fig. 24 B.
Ma terial: 17 specimens and 3 occurren ces noted in the field.

Description. - The largest specimen (text-fig. 33g ) has a stri ng 3.5 mm wide and 1-1.5 mm
high. It consist s of two first-order meanders, one of which is 21 and the other 14.5 cm in
height. Their width at the base is 3 and 2.5 cm respectively. The second-order meanders are
high and for the most part narrow with loop-like con strictions at the base. Their height
ranges from 17 to 43 mm , the width at the base fr om 8 to 17 mm , and the width of the loop
constrict ion from 2.5 to 9 mm. These figures show a certain variability in the size, but not so
much in the shape, of the second-order meanders.

Another well-develop ed specimen (pI. 19, fig. 3) has a string 2.0 to 2.5 mm wide. The first ­
order meanders are not so high (Il to 15 cm) but are closely spa ced . The height of th e second­
order meanders is 17 to 26 mm , th e width at th e base 5 to 12 mm, and the width of th e loop
constrictions is only 0.5 to 2 mm. This shows th at in this specimen the second-order meanders
are strongly constricted. Other specimens are sma ller than th e two described.

In all specimens th e strings are well welded with th e rock and are apparently subcylindrica l,
b ut in some specimens th e st ring is missing in some part s of th e trace and replaced by a fur row.
Thi s suggests a cylindrical form.

Sediment. - Thin bedd ed, fine-grained sandstones (th e th ickest bed is 25 cm ).
Association. - M ay be cut by Sabularia.
Occurr ence. - Senonian - Inocerami an Beds : Szczepa no wice (found in the cross-section

in which the present author found Inoceramus zitteli KOCIUBlNSKI determ. by F . MITURA; this
indicat es th e Uppe r Campania n - Lower M aastrichtian age) . R opianka Beds: Lipnica Wielka ,
(the haml et K iczor a), Zar yte, Polrzeczki , Chyzo wki, Limanowa, Grybow (a few specimens) ,
K aclowa. Palaeocene-Lower Eccene - Variegated Shales : Lipnica Wielka (the hamlet Ki­
czora - KS/;~ZKIEWICZ , 1970). Lower Eocene - Beloveza Beds : Lipnica Mala, Sidzina (the
hamlet D rab owa) M yslec, Berest. Middle Eocene - Hi eroglyphic Bed s: D al iowa.

Costnorhaphe heltnintltopsoidea n. ichnos p.
(pI. 19, fig. 6; text-fig. 33k -m)

1898. Helminthoida hclminthopsoidea SACCO, P AUL , pl , 3, fig. 1 (no description).
Holotype : UJ TF 77 (pl, 19, fig. 6; H ANT ZSCH EL, 1962, fig. 118, 3).
Type locality ; L etownia GOI'I/a.
Type horizon: Beloveza Beds, Lower Eocene.
Derivation of the name : the course of the trace bears some resemblance to the course of Helm inthopsis .
Mat erial : 5 specimens.

Diagnosis. - H yp ichni al subcylind rical st ring-sized full b urr ow ( ?). Arms of th e first- order
meand ers tightly compressed , th e second-order meanders also co mp ressed, often of a loop-like
form. hut with inte rvening meanders vari abl e in shape .
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The classificat ion of thi s ichnospecies is based on a specimen whose st ring s are 1·5 to 2 mm
wide and low (0,1 mm). Th e first-order meanders are up to 10 cm high and very narrow at
the base (less th an 1 cm). The seco nd-order meand ers are fairly var iable in size and shape.
Their height do es not exceed 20 mm. Most of th em have loop-l ike co nstrict ions . This type of
meander is developed in one arm of the first-order meander while in the other th e st ring wind s
freely or even assumes a straight course. Other specimen s may be somewhat thinner. In a ll
of them one ar m of th e first-order meander tends to be straight, while th e other resolves int o
loop-like second-order meanders.

Remarks. - Thi s type is related to C. sinuosa AZPEITIA, bu t th e course of meand ering is
looser. It strongly resembl es the spec imen illustrated by PAUL (1898), compa red by th at autho r
with Helminthoida helminthopsoidea SACCO (I 888, p. 180, pI. 2, fi g. 7). The resemblance to
SACCO'S type is, however , small. The type of SACCO actua lly represent s a tr ace of the Hel­
niinthoida type (elongated, parallel meanders) with secondary meanders of irr egular type , more
irregular th an those of the type describ ed . Th e feature comm on to both forms is the Hel­
minthopsis-use irr egularity in some secto rs of th e trace. In this respect our type unites th e
features proper to Cosm orhaphe and to Helminthops is, and SACCO'S type, as he stresses, may
represent a link between Helminth oida and Helminthops is. Th erefore I aba ndon the previous
ass ignment of th e type discussed to th e ichnospecies of SACCO (KSltiZKIEWICZ, 1970, p. 294,
fig. 2e) and consider it to be a new ichnospecies.

It is open to que stion whether the difference in the style of meand ering may be taken as
sufficient ground for distinguishing thi s type from th e similar C. sinuosa, other differences being
sma ll. Th e moment ar y change of th e course from meandering to almost st ra ight may be du e
to a phobotaxic reflex. There is however , no obvious rea son which cau sed thi s abandoning of
the meandering style. The animal followed its path under the influence of thigmotaxis, since
it kept close to the proximity of th e path already passed. Both thigmotactic and phobotact ic
behaviour a re not ob served in th e same type (LESSERTISSEUR, 1955, p. 51). If the meandering
was cau sed by thi gmotact ic beh aviour, the aba ndo ning of meand ering might have been caused
by an innat e difference in th e manner of locom oti on of th e producing animal. This reasoning
may endo rse the distinction of C. helniinthopsoidea from C. sinuosa. The pr obl em still remains
wheth er th is d istinction sho uld be made on th e specific level, or whether th is type should be
treat ed as a "va rictas", a procedure permi ssible in the code proposed by SARGEANT and KENNEDY
( 1973) for th e nomenclature of tr ace fossils.

Sediment. - Thin-bedded (up to 5 cm), fine-grain ed san dstones with composi te bedding .
Occurrence. - Senoni an - Ropi anka Beds : Osielec, Limanowa. Palaeocene-Lower

Eocene - Vari egated Shales : Lipnica Mala (th e stream Linorka). Lower Eocene - Beloveza
Beds: Letownia Gorna.

Cosn torltaphe fuchsi KSltiZKIEWICZ, 1970
(pI. 19, fig. 7 ; text-fig. 3311- s)

1970. Cosmorhaphe fuch si ichnosp . nov., K SIf, ZKI EWI CZ , p. 294 , fig. Lb, pl . sb.
Holotype : UJ TF 243 (pI. 19, fig. 7).
Type locality : Zub rzyca G6rn a near Nowy Ta ig.
Type horizon : Lacko Beds, Mi ddle Eocene .
Derivation of the flame : in honour of T H W DOR F UClIS.

Material : 25 specimens and 6 occurrences in the field.

Diagnosis. - H ypichnial str ing-sized subcylindrical cast or full burro w. First-order mea nders
high and broad at the base, second-orde r meanders also not compressed, low and wide at the
base.

In the holotype the string is 1.5 mm wide and 0.5 mm high. Th e first-order meanders are
11 0 mm high and 25 mm broad at th e base. Th e seco nd-order meanders are rather variable,
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but always wide at the base and low , never compressed or constricted. Their width at the base
ranges from 8 to 15 mm and the height from 3 to 15 mm . The string is not co ntinuous : in some
parts it consists of short segments 1-2 mm long. Th e trace is intersected by a drag mark. Other
specimens do not differ much from that described. The string may be slightly thicker and the
first-order meanders higher. ,

Remarks. - The , bsence of compression and con striction of both first- and seco nd-o rder
meanders differentiates C. fuchsi from other Cosniorhaphe.

Sediment. - Fine-grained , laminated or single-current bedded sandstones of sma ll thickness
(2-4 cm).

Association. - Helicolitlius sanipelayo i, Pale odictyon strozzii, P . carpathicuni, Halytn enidium
oraviense. It intersect s Helniinthoida alterna and Paleodictyon carpathicuni.

Occurrence. - Senonian - Ropianka Bed s: Sidzina (the hamlet Jarominy), Szczawa (?),
Limanowa (the hamlet M arci szow). Palaeocene-Lower Eocene - Variegat ed S'iales: Zubrzyca
Gorna (the hamlet Ochlipow), Osielec, Brzezna. Lower Eocene - Beloveza Beds (frequent):
Lipnica Wielka , Lipnica M ala, Zubrzyca Gorna, S'dzina, Jordanow (the hamlet Munkacz),
Letownia Gorna, Lubomierz, Szczawa (the stream Glebieniec), Trzetrzewina, Popowice,
Myslec, Berest . Middle Eocene - Hieroglyph ic Bed s : Lesna, Osielec , Skomielna Czarna,
Zubracze ; Lacko Beds : Zubrzyca Gorna (the hamlet Moniakow).

Cosmorhaphe (?) tortuosa KSIl~ZKIEWICZ , 1970
(pl, i 9, fig. 9)

1970. Cosmorliaphet 'ti tortuosa ichnosp. nov., KSI,o,ZKI EWICZ, p. 294, pI. 3c.
Holotype : AGH (pI. 19, fig. 9).
Type locality and type horizon: unkn own , probably Ropi an ka Beds in the Gorlice area (coil. J. G RZYIlOWSKI '?).
Material : I specimen.

Diagnosis. - Hyp ichnial str ing-sized meanderin g cast ( ?). Me anders of the first-order
narrow , appa rent ly con sist ing of numerous very tightly compressed second-order meanders.

Description. - Very thin st rings, a lmost eq ua l in length , parallel , slghtly curve d , a re so
a rranged that the line joinin g th eir centre s descr ibes narrow meand er s. In a few pk.ccs it can
be seen that th e par allel st rings join at th eir ends forming narrow arcuat e bend s. Thi s may
ind icate tha t the str ings are actua lly ar ms of seco nd-o rder meanders set at right an gles to the
axis of th e first-order meanders. The height of the latter is about 5 cm , their width 2.5 cm ,
whil e th e length of th e arms of the second-order meanders is 15 mm .

Remarks. - The arrangement into first- and seco nd-order meander s would indicate that
th e trace may be assigned to Cosmorhaphe , as thi s kind of meandering is a typical feature of
th is ichnogenu s.

Ichnogenu s Gordia E MMONS, 1844

Type ichnospecies: Cordia marina EMMoNs (HANTz scHEL, 1962).

Remarks. - H ere are ass igned slender, smo oth, loosely meandering tr aces with numerous
level-crossings. This assignment is based on t he figure of Gordia marina EMMONS (1844 , pI. 14,
fig. 24, redrawn in th is paper, text-fig. 361' ) rather th an on EMMONS'S scanty description, to
a certain extent supplement ed by HALL (1847 , p . 264, pI. 71) who described this trace as
a meandering "s light ly elevated ridge". This description is not in agreeme nt with th at given by
HANTZSCHEL (1962) who defin es this form as " mos tly bent but not meandering" and does not
me nt ion the level-crossing seen in th e figures of both EMMONS and HALL. Neither does the
schematic draw ing given by HANTZSCHEL correspond to th e figures given by EMMONS and HALL.
It represents a trace of a Helminthopsis type .
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Cordia molassica (H EER, 1865)
(pl , 20, figs 4-7 ; text-fig. 36s- x)

1865. Helminthoida molassica H EER, p, 439, fig. 327.
Ma terial: 8 specimens.

Description. - Here have been grou ped t races of var ious sizes and shapes having two
features in common : a tendency to guided meander ing and level crossing . M ost of them a re
hypichnial , most probabl y full burrows, but some are hyp ichnial furrows and in one case an
cp ichnial furrow. In th e hyp ichnial burro ws the width of the string va ries from I to 4 mm .
Th e meandering is rather irr egul ar : so me meanders are narrow and co mp resse d, even of loop­
like form, others are looser in one and the same spec imen. In some speci me ns (pI. 20, fig. 5)
th e meanders occur at three levels, one above the othe r, th e lowest occur ring on the very sole.
In some specimens the meander ing is ra ther chaotic (tex t-fig. 36x). The specimen in pI. 20 ,
fig. 4 is a hypi chnial furrow, but th e sty le of meandering is very much the sa me as in ot he r
hypichnial structures. They are narr ow , co mpressed, slight ly co iled, and inte rsect one another
on the sa me level. The furrows a re 3-4 mm wide and I mm deep , fr inged , with narrow levees.
E videntl y th e anima l, when wo rk ing its way alo ng the clay/sand interface, pl ough ed the sa nd
away.

Remarks. - H EER'S type is not well defined (no description). The course of the meanders
seen on his figure (reproduced here, text-fig. 36u) rese mbles rather Helminthopsis than Hel­
minthoida, altho ugh some tendency to form loops is also seen . H EER'S figure recalls the typ es
pictured by M cCoy (1851-55, pI. I A, figs 1- 3), which he named Palaeochorda (= Gordia
E'vIMONS 1844). The mutual inte rsecting of th e meanders is characteristic of the mat eri al p re­
sented in pap er s of E MMONS, H ALL and H EER (0 . c.).

Sediment. - Fine-grained sandstones , also marls.
Origin. - All kinds are post-deposit ional , H ypichnial strings may be classified as feed ing

burr ows or feeding trail s, t he hyp ich nial fur ro w as a locom otion trail. The producer was pro ­
babl y a polychaete worm.

Occurrence. - Berr iasian -- Cieszyn Limestone. Kamienic a near Bielsko (epichnia l) .
Ha ute rivian - G rod ziszcze Beds (?) : Wis niowa (the st ream Mark6w). Turonian - Siliceous
Marls : Huwniki. Sen on ian - Inoceram ian Beds : Kuzmina . Lower Eocene - Ciezkowice
S .ndstone : G r6dek. Middle Eocene - Hi eroglyph ic Beds : Juszczyn (the hamlet K ozlownik),
Kom aricza. Upper Eocene - M agura S tndstone: Klimk6wka (epic hn ial). Oli gocene - Krosno
Beds : Skrzydlna (KSIJ\ZKIEWICZ, 1960, p. 739 , p l. 4, fig. 14).

Cordia arcuata n. ichnosp .
(p l. 20, fig. 8 ; text-fig. 36)')

Holotyp e: UJ TF 12 19 (p I. 20, fig. iI ).

Type locality : Wetlina near Lesko .
Type horizon : K rosno Beds, Oligocenc.
Derivation of the name : Lat . arcuatus - a rched; ar cu ate bends in the apica l pa rts o f the meandering trace.
Material : 5 specimens and several occ urrences no ted in the field .

Diagnosis. - H ypichnial thread-sized meandering groove casts in whic h only apica l arcuate
bends are de veloped.

The string is very thin (0.3-0.4 mm ) in the holotype (and in all spec imens) . The trace con­
sists of regul ar arcs, intersect ing one anothe r and densely cove ring th e so le. In some specimens
t he sinuous course of the trace is seen as well as a tendency to assume a loop-li ke form . This
t race almost always occurs gregariously.

Remarks. - The assign ment of this species to Gordia may be open to quest ion, since the
ac tual sha pe of the meanders, never Wholly developed , is unknown. T he trace may be treat ed
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as fragments of Helminthoida or Helminthopsis , but in both these ichnogenera level-crossing
is absent. Its presence indicates a relationship to G. molassica.

Sediment. - Thin-bedded (1-5 cm) , fine-grained sandstones, horizontally or single-current
laminated, with flat soles.

Origin. - The level-crossing combined with partial preservation of the meanders may
indicate a pre-depositional origin. The animal, presumably a small polychaete, probably incised
its path more strongly in the bends of the meanders (this is suggested by the often thickened
bends of other meandering traces). When th e current feebly scoured the bottom, it might
eliminate the shallower grooves situated between the bends .

Occurrence. ----: Olig ocene - Krosno Beds: Katy, Dydnia, Wetlina, Dzwiniacz Dolny.

Ichnogenus Heli colithus AZPEITIA, 1933

Type ichnospecies: Hclicolithus sampelayoi A ZP EITI A (HANTZSCH EL, 1962).

, Helic olithus sampelay oi AZPEITIA, 1933
(pI. 23, fig. 4)

1933. Helicolithus sampclayoi n. sp., A Z PEITI A, p. 48, pl. 4, fig. 11 , pl, 13, fig. 24A.
M aterial: 11 specimens and a few observat ions in the field.

Description. - In th e best specimen the meanders are 30-40 mm high and 10-15 mm broad
at the base. They are "gu ided" and in som e parts their arms come clo se to one another, with
some tendency to form loop s. The st ring is 0.8-1.0 mm wide and in some parts 0.3 mm high .
Helicoidal winding is seen along almost th e whole course of the trace. This trace may cover
large areas of the sole.

Sediment. - Fine-grained , thin-bedded (the thickest bed 14 cm) sandstones with grada­
tional lamination or singl e-current bedding.

Association. - Cosmorliaphe fuchs i, Fascisichniuni ex tentum, Halymenidium.
Origin. - Intersects lineation a nd small flute casts (pI. 23, fig. 4) in one case. This points

to a post-depositional origin. The producer might have been a polychaete, as some worms
of this group move hel icoid ally (K UKENTHAL and KRUMBACH, 1934, p. 128).

Occurrence. - Senonian - Inoceramian Beds: Huwniki (string 1.2 mm thick); Skrzydlna
Bed s: Przenosza; Ropianka Beds: Wola Krogulecka, Skwirtne (reported by W~CLAWIK, 1969).
Palaeocene-Lower Eocene - Variegated S'iales: Lipowe, Wola Brzeziriska. Lower Eocene ­
Beloveza Beds: Lipnica Mala (KSI1\ZKIEWICZ, 1961 a, p. 885, pI. 2, fig. 2), Zubrzyca G6rna,
Sidzina (the stream Glaza ), P6lrzeczki , Berest. Middle Eocene - Hieroglyphic Beds: Osielec,
Tokarnia, Komaricza. Upper Eocene - Magura Sandstone (interbed of thin bedded sandstones
and sha les) : Homrzyska, Rzyki near Limanowa. Oligocene - Krosno Be ds : Debna.

Ichnog enus Helminthoida SCHAFHAUTL, 1851

Type ichnospecies: Helmint hoida Iabyrinthica H EER (HANTZSCHEL , 1962).

Origin. - Most kinds of Helminthoida appear to be post-depositional, as evidenced by the
cylindrical shape of the hypichnial burrows noted in many instances and by their epichnial
and exichnial position of some ichnospecies. In a few cases, however, the meanders are cut
across by flute casts (e. g. in text fig. 36c). This implies that some ofthe types are pre-depositional.
In many specimens the meandering strings are subcylind rical, and it is not po ssible to say
whether the excremental string was so fused with the covering sand that the contact between
the fill and the covering sand was obliterated, or th at the strings are casts of pre-existing surface
furrows. It is possibl e that in some ichnospecies of Helminthoida some specimens are post­
depositional feeding burrows, and others pre -deposit ion al trails. At any rate Helminthoida are
typ ical Pa scic hnia sensu SEILACHER (1953a) .
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According to RICHTER (1928) the traces of thi s type might have been made by ga stropods,
the view supported by RECH FROLLO (1962). However, the objections of L ESSERTISSEUR (1955,
p. 51) seem to be justified, and it may be presumed that Helminthoida-like traces could have
been produced b y worm-like animals, presumabl y polychaetes.

Helminthoida labyrintliica HEER, 1865
(p l , 21, fig. I )

1865. Helminthoida labyrinthica , H EER, p. 246, pI. 10, figs 12, 13.
Material : 28 slabs and very man y occurrences noted in the field .

Description. - This trace , in most cases occurring in an exichnial or apparently ep ichnial
position, always covers large surfaces. When the rock is split in very thin sheets (about 1 mm
thick) each sheet is densely covered by thi s trace. The meanders are on the average 2-3 cm ,
rarely 4-5 cm high , very narrow and so clo sely packed that the di stance between two neigh­
bouring meanders is less than I mm, and only exceptionally 2-3 mm. The width of the furrows
is 0.7 to 1.0 mm . The meanders are of ten coiled , and even arra nged in spirals. The furrows,
apparently empty, are often filled with the same material of which the rock consists, in some
cases by infiltrations of limonite o r calcite. The narrow-gauged meanders never cross one another
in one plane, but are sometimes intersected by larger meanders which are higher and differ
in style; they are "not so tightly spaced. In some in stances the closely spaced narrow-gauged
me anders are intersected or superposed by the looser meanders of large-gauged furrows, as
pictured by GOTZINGER (1951 , p. 244 , fig. 3).

There are numerous occurrences of a similar but much larger kind with the furrows 2.0
to 2.5 mm wide, arranged in elo ngated meander s (5-10 mm). A s in the small form, these
meanders densely cover the parting planes. Not only the dimensions but al so the manner of
me andering is different from that of the typical H. labyrinthica, The meanders , although forced ,
are not so tightly compressed and coiling is practically absent. This trace occurs much less
frequently than the narrow-gauged type. It was noted as Helminthoida labyrinthica forma lata
(KSIi\ZKIEWICZ, 1970, p. 296 , fig. 2 i). It is an open question whether thi s form should be dis ­
tinguished as a variety of the typical form , or whether it is only a kind within the diversity
range of the ichnospecies.

Sediment. - Marls, marly argillites , very often in marts directly restin g o n sa nds tones ,
more rarely on the upper surface of very fine-grained sandstones.

Association. - Chondrit es, Scolicia, both posterior to the trace.
Occurrence. - Particularly frequent in beds of the Senonian age.
Turonian - Siliceous Marls (frequent): Krasiczyn, Huwniki . S enonian - Inoceramian Beds

(in some horizons very frequent): Laczki Kucharskie, Rzegocin, Kakolowka, Wolodz, Krasice,
Lodzinka, Huwniki , Kalwaria Paclawska, Romanowa Wola; Skrzydlna Beds: Skrzydlna;
Cisna Beds: Jasliska ; Ropianka Beds (frequent): Sopotnia Mala, Lipnica Wielka, Lipnica M ala
(the stream Linorka), Bierikowka, Tokarnia, Raba Wyzna, Poreba Wielka, Lubomierz (the
hamlet Przyslop), Szczawa (the st ream Kamienica), Wierzbanowa, Mszana Dolna, Limanowa,
Kanina, Mordarka, Wola Brzeziriska, Grybow, Biala Wyzna , Kaclowa, Biczyce, Wola Krogu­
lecka, Uscie Gorlickie, S iary, Kwiatori, Skwirtne; S :omowce Beds: Niedzica. Palaeocene ­
Szczawnica Beds: Kroscienko on the river Dunajec, Grywald , H aluszowa. Palaeocene-Lower
Eoccne - Variegated Shales: L ipnica Mala (the st rea m Linorka), Szczawa (the stream GI~­

bieniec), Zbludza, Lipowe, Stara Wie s, Biczyce, Kaclowa . Lower Eocene - Beloveza Beds:
Zubrzyca G6rna, Sidzina, Szczawa (the st ream Glebieniec), Zbludza, Trzetrzewina, Myslec,
Brzezna, Popowice, Bcrest. Middle E ocene - Variegated Beds: Jach6wka; Hieroglyphic Beds:
Rajcza, Stryszawa , Skomie1na Czarna , Letownia Gorna, Osielcc , Tokarnia , Stara Wies, Brzezna,
Komaricza . Lacko Beds : Kami cnica near N ow y Sacz.
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Helminthoida serrata n. ichnosp.
(pl. 21, fig. 2)

1970. Helminthoida labyr inthica forma serrata, K SIV:KIEWICZ, p. 298, fig. 2h.
Holotype: UJ TF 105 (pI. 21, fig. 2) .
Type locality: Bierikowka near Such a Beskid zka.
Type horizon: Ropianka Beds, Senonian.
Derivation of the name : LaL serratus - serra te; the sha pe of the longitudinal cross-secti on of the fur row.
Material : 10 specimens (slabs).
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Diagnosis. - Exichnial and epichni al furrows, with forced meanders, transversally ribbed.
Description. - In th e holotype th e furrows are 2 mm wide, fairl y deep (1-2 mm) , partly

filled. The height of th e meanders is about 10 cm , their spacing dense. Transverse riblets are
very thin. They div ide the furrow into narrow t ransverse depressions, each 1 mm long. In the
parts in which the furrow is filled, there is no segmentat ion in the burrow fill.

Other specimens are similar, but the tr ace may be narrower than in th e holotype. All are
exichnial or epichni al, except for one specimen (VJ TF 1488) in which a furrow of identical
shape occurs on the lower surface with rai sed edges. Evidently the burrower worked below
th e sand and ploughed th e sand sideways.

Remarks. - The sty le of guid ed meandering and the width of th e furrow is the same as
in larger kinds of H. labyrinthica. It is differentiated from th at type by tr ansverse segmentation
and deeper incised 1urrows. The furrows in the specimens from Palaeogene beds are slightly
narrower than in th ose occurr ing in Cretaceous strata.

Sediment. - M arl y siltsto nes in the upp ermost part of laminated sand stones.
Association. - H. labyrinthica m ay occur together in th e same slab.
Occurrence. - Senoni an - Inocerami an Beds : Laczki Kucharskie, Huwniki, Kalwaria

Paclawska (hypichnial form) ; Rop ianka, Beds: Bierikowka, Palaeocene - Szczawnic a Beds:
K roscienko on the river Dunajec, Palaeocene-Lower Eocene - Variegated Shales : Zalesie ,
Wola Brzezirisk a, Bincz arowa. Lower Eocene - Beloveza Beds: Zubrzyca G 6rna, Tokarni a,
Binczarowa. Middle Eocene - Hieroglyph ic Beds: Osielec, D aliowa,

Helminthoida crassa SCHAFHAUTL, 1851
(pl, 21, figs 3-8; text-fig. 34)

1851. Helminthoida crassa, SCIIAFHA UTL, p. 142, pJ. 9, fig, It.
Material: 51 specimens and many occurrences noted in the field.

Description. - Th is is a hypichni al form characterized by very compressed forced meanders.
Th ere is con siderable d iversity in thi s ichnospecies both in dimension s and in the manner of
meandering . The width of the str ings ranges from a fraction of a mill imetre to 5 mm. It may
vary to about 50 % in one specimen. The height of the string is 0.5 mm in th inner types, and
up to 2 mm in thicker ones. Th e height of the meanders often varies in one and the same
specimen. The relati on of the maximum height to the maximum width of the meanders varies
between 5: 1 and 20: 1. Th e tend ency to coiling is often very strong and in some cases the
meand ers may be arranged in a spira l (text-fig. 34j). The surface of the string is smooth, but
in one specim en there is some delicate longitudinal striation in th e median part of the string,
and in another tiny tran sversal ribl ets a re seen.

Remarks. - SCHAFHAUTL (1851) gave no description, and from his figure it is not clear
whether thi s type occurs on the lower or upper sur face. The specimens referred to SCHAFHAUTL'S
typ e clearly represent hypichnial structures (DE STEFANl, 1895, pI. 14, fig. 4 ; SACCO, 1888, figs 5,
18; SEILACHER, 1954, pI. 8, fig. 3). Th ere are some differences between the Carpathian specimens
and the picture given by SCHAFHAUTL. Th e meanders of his specimens a re more regular and
more compressed; the relation of height to widt h is 23 : 1, higher than in any of th e Carpathian
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specimens. Our material rather resembles the specimens illustrated by DE STEFANI and SEI­
LACHER (0. c.).

Sediment. - Thin-bedded (the thickest 5 cm) , fine-grained, graded or horizontally laminated
sandstones. In several cases the strings are filled with coarser grains than those constituting
the host rock.

Association. - Helminthopsis, Paleodictyon. In one instance intersected by Spirophycus.
Occurrence. - Berriasian. Cieszyn Limestone: Goleszow (the main quarry), Kamienica

near Bielsko. Valanginian - Upper Cieszyn Shales: Zywiec. Albian - Lgota Beds: Rzyki near
Wadowice. Cenomanian - Lower Godula Beds: Czchow. Turonian - Middle Godula Beds:
Ponikiew. Senonian - Inoceramian Beds: Krasiczyn (colI. W. SZAJNOCHA), Huwniki, Krzyw­
cza, Kalwaria Paclawska, Wola Romanowa; Skrzydlna Beds: Wierzbanowa, Przenosza; Go­
rzeri Beds: Gorzeri G6rny; Szydlowiec Beds: Kobielnik; Lower Istebna Beds: Czarnorzeki
(in marly interbeds); Ropianka Beds (frequent): Lipnica Mala (the hamlet Zosiak), Tokarnia,
Zaryte, Wierzbanowa, Kasina Wielka, Poreba Wielka, Limanowa, Mordarka, Brzezna, Wola
Brzeziriska, Wola Krogulecka, Biala Wyzna, Uscie Gorlickie, Kwiatori ; Sromowce Beds:
Sromowce Wyzne. Palaeocene - Upper Istebna Beds: Czarnorzeki; Szczawnica Beds: Kro­
scienko on the river Dunajec, Grywald (the stream Tylka), Haluszowa; Babiarze Beds: Mal u­
szyna (the hamlet Babiarze). Palaeocene-Lower Eocene - Variegated Shales (frequent):
Lipnica Mala (the stream Linorka), Zubrzyca Gorna, Zaryte, Raba Wyzna, Stara Wies , Lipowe.
Lower Eocene. - Ciezkowice Sandstone: Znamirowice, Grodek ; Beloveza Beds: Lipnica
Wielka (KSIJ\ZKIEWICZ, 1960, p. 939, pI. 2, fig. 9); Sidzina, Szczawa, (the stream Glebieniec),
Zbludza, Polrzeczki, Uscie Gorlickie. Middle Eocene - Hieroglyphic Beds: Kamesznica (the
stream Janoska), Grzechynia, Skomielna Czarna, Tokarnia, Polrzeczki, Brzezna, Zubracze,
Oligocene - Krosno Beds: Wujskie (the Slonne Mts.), Dzwiniacz Dolny (the stream Kr6l6w).

Helminthoida miocenica SACCO, 1886
(pI. 21, figs 10, 11; text-fig. 36a-j)

1886. Helminthoida miocenica SACC., SACCO, p. 16, fig. 2.
Material: 9 specimens and several occurrences noted in the field.

The specimen most closely approximating the type of SACCO (text-fig. 36j) consists of
meanders up to 20 mm in height while the distance between the arms of the meanders is 3-4 mm.
This gives a height: width relation of 5 : 1. In other specimens this relation varies between 2 : 1
and 4: 1. The meanders are roughly parallel to one another, but in one specimen they are
flabellate (pI. 21, fig. 11; text-fig. 36 c). The width of the string varies between 0·6 and 2 mm,
but is commonly 1 mm. The surface of the string is smooth.

Remarks. - One may judge from the descnption and figure given by SACCO that his type
is related to H. crassa, from which it differs in lower and less compressed meanders and a total
absence of coiling. In the Carpathian material, apart from the specimens that fit this type well,
there are some with larger and looser meanders (pl. 21, fig. 10, text-fig. 36a, b, d, e, h). They

' have also been assigned here, as their style of meandering is more or less similar. Perhaps

Fig. 34
Helmlnthoida crassa (SCHAFHAUTL)oSCHAFHAUTL, 1851, pl. 9, fig. 11; ibi Sromowce Wyzne, Sromowce Beds, VJ TF 103; El Lipnica Wielka, Beloveza

Beds, VJ TF 238; ~ Sidzina, Beloveza Beds (field drawing); fCT Tabaszowa, Vpper Istebna Beds, VJ TF 38; ~ Dzwi­
niacz Dolny, Krosno Beds, VJ TF 1361; i!i Golesz6w, Cieszyn Limestone, VJ TF 1244; iEl Szczawa, the stream Gll<­
bieniec, VJ TF 722; El Zubracze, Hieroglyphic Beds, VJ TF 1812; ill Tokarnia, Hieroglyphic Beds, DJ TF 788; !§ Biala
Wyzna, Ropianka Beds. VJ TF 99; j] Wujskie, Krosno Beds (field drawing); Irnl Gr6dek, Ciezkowice Sandstone, VJ
TF 42; G Kobielnik, Szydlowiec Beds, VJ TF 1160; 8 Dzwiniacz Dolny, Krosno Beds, VJ TF 1495; I£i Rzyki near
Wadowice (colI. Dept. of Geology, Vniversity of Groningen , Nederland); §I Limanowa, Ropianka Beds, DJ TF 825;

ET Poreba Wielka, Ropianka Beds, VJ TF 49; 0 Lipnica Mala, Ropi anka Beds (field drawing) , All figures X 0.5

11 - P al aeontol ogi a P olonica No , 36
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they should be treated as H. aff. miocenica or as a variety of this ichnospecies, but more pro­
bably they may be placed within the range of diversity of H. miocenica.

Sediment. - Thin-bedded (2-4 cm), fine-grained, horizont ally or single-current laminated
sand stones.

Occurrence. - Senonian - Ropi anka Beds: Zlatna, Wola Brzeziriska ; Skrzydlna Beds:
Przenosza; Gorzeri Beds: Gorzeri Gorny. Middle Eocene. - Hieroglyphic Beds: Kamesznica
(the stream Jan oska), Brzezna. Oligocene - Krosno Beds: Wujskie (the Slonne Mts.), Dzwi­
niacz Dolny (the stream Krolow).

Helminthoida alterna n. ichnosp.
(pl. 20, fig. 2; text-fig. 35)

JIolotype: UJ TF 843 (pl, 20, fig. 2).
Type locality : Berest near Gryb6w.
Type horizon: Beloveza Beds, Lower Eocene.
Derivation of the name: Lat. alternus - alternate; the alternate arrange ment of the apical bends of the meanders .
Material: 13 specimens.

Diagnosis. - Hypichni al string-sized full burrow. Narrow and high meanders arranged in
opp osite sets. The apical bends of one set alterna tely face the space between the apical bends
of the opposite set. Away from the apex the strings become thinner and eventually wane away.

Description. - In the hol otype the strings are 2 mm wide and up to 1 mm high in the apical
part of the meanders ; away from the apex the strings flatten and eventually disappear for
a short distance to reapp ear aga in on the other side of the set. The meand ers are comparatively
narrow, about,.8 cm high and 4-8 mm wide. The arms of the meanders are roughly parallel.
The apices of the opposite sets of the meanders are situated as if along an almost straight line.

In many specimens only one side of the set exists, the median part is slightly, and the other
side not or only very feebly developed. In all specimens the ap ical bends of two opposite sets
never face one ano ther, but are placed in alternate succession. The arms of the meanders are
parallel, but occasional overlapping or overcro ssing is seen. Short strings may traverse the
space between the two opposite rows of apical bends. Most probably they belong to another
set formed in the same place earlier. In several specimens this type is reduced to two sets of
short crescents (text-f ig. 35d-/). The crescents of one set face the space between the crescents
of the opposite set. _

Remarks. - Th is form differs from other helminthoids by the parallel meanders which
are not compressed and do not show any tendency to coil, and by the arrangement of the
meand ers ending along a straight or weakly curved line.

To a certain extent thi s type recalls the Baroccoichnit es of VIALOV (1971, p. 88, pI. 1, figs 2, 3)
from the Trias of the Pamir. That type consists of crescents arr anged alternately ("chess-like")
in two opposite rows. The crescents, as in o ur form , are open outward , but, unlike H. alterna,
they are closely conti guous (text-fig. 35m-o). The crescents of B. pamiricus VIALOV are much
larger and th icker (3-4 mm wide, 10-12 mm large at the outwa rd end). The resemblance seems
to suggest that Baroccoichnites belongs to meand ering forms developed in rudimentary fashion,
with only the apical bends preserved.

Sediment. - Thin-bedded sandstones, the thickest 7 cm, fine-grained, horizontally or
obl iquely laminated. Usually occurs on flat , even soles.

Association. - In one case Cosm orhaphe tuchsi, in others Halymenidium and Sabularia, all
clearly posterior. Also Helminthopsis tenuis.

Occurrence. - Palaeocene-Lower Eocene - Variegated Shales: Limanowa. Lower Eocene ­
Beloweza Beds: Lipnica Mala, Zubrzyca Gorna, Sidzina (the hamlet Drabowa), Letownia
Gorna, Berest (here particularly frequent).
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Helminthoida helminthopsoidea SACCO, 1888
(pl, 20, fig. 3; pl. 21, fig. 9; text-fig. 36 k-n)

1888. H elminthoida helminthopsoidea SACC., SACCO, p. 180, pl. 2, ft/;. 7.

Material: 9 specimens, few of them well preserved .
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Description. - The meanders are 5 to 6 cm high and only 8 mm broad at the base. The
arms of the meanders are more or less twisted into quasi second-order meanders. The width
of the string varie s from 0.2 to 2 mm .

Remarks. - The style of meandering, i. e. the narrow, roughly parallel meanders, is similar
to that of H. crassa. In the last-named type the strings in the arms of the meanders are straight
or uniformly curved. As th ere are hardly any intermediate types, it seems that the ichnospecies
of SACCO should be maintained as a distinct type.

Sediment. - Very fine-grained , thin-bedded (up to 3 cm), horizontally laminated sandstones.
Occurrence. - Turonian - Middle Godula Beds: Wisniowa (the stream on the slope of

Mt. Ciecieri). Senonian - Ropianka Beds: Lipnica Wielka (the hamlet Kiczora), Wola Brze­
ziriska, Kaclowa ; Upper Istebna Beds: Krzeszow. Lower Eocene; Beloveza Beds: Lipnica Mala,
Sidzina, Letownia G6rna, Myslec,

Helminthoida aculeata n. ichnosp.
(pl, 19, fig. 8; text-fig. 360)

Holotype: UJ TF 1360 (pI. 19, fig. 8).
Type locality: Szczawa, the stream Glebien iec.
Type horizon : Beloveza Beds, Lower Eocene .
Derivation of the name: Lat . aculeata - spiny.
Mate rial : 2 specimens.

Diagnosis. - Hypichnial string-sized full burrow, closely meandering. Meanders, high and
narrow, provided with lat eral short spine-like protuberances.

In the holotypc the string is 3-5 mm wide and about 1 mm high. The meanders are 6 to
7 cm high. Their style is similar to that of other helminthoids. The spines are short (0.7 to
1.2 mm) and tri angular, but some of them have rounded tips. They are better developed on the
outer convex side of the bends.

The other specimen, found in the same locality as the holotype, is somewhat thinner.
Remarks. - This type is assigned to Helminthoida according to the style of meandering,

but no other helminthoid has lateral protuberances. Th ey are so short that they cannot be
regarded as branches. Probably they were form ed when the animal probed the sediment
sideways.

Sediment. - Fine-grained, horizontally laminated sandstone, in one case 20 cm, in another
9 cm thick. In the larger specimen the trace intersects a distinct grain lineation. There is some
increase of muscovite in the strings.

Occurrence. - Lower Eocene - Belovcza Beds: Szczawa (the stream Glebieniec).

l chnogenus Paleotneandron PERUZZI, 1880

Type ichnospecies: Paleomeandron rude P ERU ZZI (ANDR EWS, 1955).

Paleomendron elegans PERUZZI, 1880
(pl. 23, fig. 1)

1880. Paleomeandron elegans, P ERUZ ZI, p. 8, pI. I , figs 2, 5.
Material : 6 specimens .

Description. - The best preserved specimen consists of three full first-order meanders,
which are 20-25 mm high and relatively narrow at the base (6-10 mm). Their axes are roughly
parallel. The second-order quadratic ("Greek") meanders are very regular, 1 mm wide. On
11*
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their corners occur tiny thorn-like tubercules. The string is low and very thin (0.5 mm). In
some specimens the meanders are slightly constricted.

T here are no differences whatsoever between our material and that pictured by PERUZZI.
The trace is hypichniaI. The string is well welded to the sole, but in one specimen (Lipnica Mala)
the cross-sec tio n of the string is round. This indicates th at the trace is post-depositionaI.

Sediment. - T hin-bedded (maximum 12 cm), fine-grained , horizontally or obliquely la­
minated sandstones.

Associat ion. - In a specimen from Przenosza accompanied by Helminthoida crassa and
Subp liyllochorda rudis, both posterior.

Occurrence. - Senonia n - Ropianka Beds : Zlatna, Lipnica (t he st ream Linorka - KSIJ\Z­
KIEWICZ, 1968, pI. I, fig. I), Raba Wyzna, Szczawa (t he Kamienica valley - the specimen
found by G. L. Shideler dur ing a joint excursion), Skwirtne ; Skrzydl na Beds : Wierzban owa ,
P rzen osza.

Paleomeandron rude PERUZZI, 1880
(pl. 22, fig. 4 ; pI. 23, fig. 2)

1880. Paleomeandron I ude, PERUZZI, p. 8, pl. I , fig. 4.
Material : 6 specimens.

Description. - Th e specimen illustrated in pI. 23, fig. 2 is well developed, much better
1han the fragmentary specimen of PERUZZI. The meanders of the first-order are 3-4 cm high
and I cm broad at the base, with parallel axes. The qu adratic meanders are of equal size ,
2 mm wide, with thorny protuberances on the corners . The string is I mm wide.

Other specimen do not differ much from that described. I n some the string is thicker,
approx imates more closely the thickness of PERUZZI'S specimen.

Sediment. - Fine-gra ined , thin-bedded (up to 5 cm), horizontally laminated sandstones.
Association. - Spirophycus bicornis.
Occurrence. - Senonian - Ropianka Beds : Zlatna, Lower Eocene - Beloveza Beds :

Sidzina (the stream G laza - KSIJ\ZKIEWICZ, 1970, fig. 3e). Middle Eocene - Hieroglyphic
Beds : Grzechynia , Zawoja (the stream Korisk ie - F. SIMPSON, 1970, pI. 10, fig. 4) found in
th e upp erm ost part of th e H ieroglyphic Beds (= "Sub-M agura Beds"), Budzow (t he stream
Drozdzina - KSIJ\ZK IEWICZ, 1968, pi. 1, fig. 2); Pasierbiec Sandstone : Sul kowice (the stream
Goscibia) ; Lacko Bed s : Ka mienica near N owy Sacz, Oli gocene - Krosno Beds : Wujskie
(t he Slonne Mts.).

Paleomeandron robustutn KSIJ\ZKIEWICZ, 1968
(pl , 23, fig. 3 ; text-fig . 37)

1968. Paleomeandron robustum n. "sp." , KSll~ZKIEWICZ, p. 4, 14, pl, I , fig. 3.
Holot yp e : UJ TF 231 (pl , 23, fig. 3).
Typ e localit y ; Lipnica Mal a, the main stream, near Nowy Targ.
Typ e horiz on : Beloveza Beds , Lower Eoccne.
Derivation of the nam e: Lat . robllst/lm- robust ; the form is much thick er than ot her types of Paleomeandron,
Material : 9 specimens.

Fig. 35
Helminthoida alterna n. ichnosp.

oBerest , Beloveza Beds, UJ TF 816 ; ibi Berest , Beloveza Beds, UJ TF 815; iCf Berest, Beloveza Beds, UJ TF 806;
@j M yslec, Lacko Beds, UJ TF 975; Ei Berest , Beloveza Beds, UJ TF 790 ; jfj Lipnica Mala, Beloveza Beds, UJ TF 246 ;
iii Zubrzyca G 6rna, the hamlet Moniak6w, Beloveza Beds, UJ TF 247; \hi Sldzina, the ham let Drabowa, Beloveza Beds,
VJ TF 248 ; TiT Sidzina, the hamlet Drabowa, BeIoveza Beds, UJ TF 248; ID Limanowa, Varie gated Shal es, UJ TF 656;
§ Letowni a G6rna, Beloveza Beds , UJ TF 1232; I!I Z ubrz yca G6rna, the-hamlet OchIip6w, UJ TF 1432; [rnl Sidzina ,

Beloveza Beds, UJ TF 1081; j";;"j-i£I Baroccoichnites pamiricus VIALOV, 1971, pI. 1, fig. 2, 3. All figures. x 0.5
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Diagnosis. - Hypichnial rope-sized fu ll bur row, with quadratic or tr ape zoidal second-order
meanders.

Description. - In the ho lotype the widt h of the string is 4-5 m m, its height 2-3 mm , the
second-order mean ders almost quadratic, are 12 x 14 mm wide . The outer (convex) side of
th ese meanders is slightly rounded, the inner side is straight. On the corner of the meanders
there are tu bercules, usually stronger on one corner th an on the other. The st ring, about 14 mm
long, is strongly curved , and proba bly represents a fragment of a large (not forced) meander.
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Fig. 37
Paleomeandron aff. robustum KSI/jZKIEWICZ

oLipnica Mala , Bcloveza Beds, UJ TF 228;~ Podwilk , Lqcko Beds, UJ TF 229; El Berest, Bclovcza Beds. UJ TF 834.
All figures x 0.5

There is conside rable var iabi lity in th e dimension s and shape of this type. Unfortuna tely,
onl y not full y developed or fragmented specimens have been found, consisting of a few second­
order meanders aligned along a curved line. In some specimens the second-or der meanders
are much wider (25 x 30 mm) than in the holotype, b ut the string may be relatively thin
--4-5 mm), and the shape of these meanders is ra ther trapezoida l or even triangular. In oth er

Fig . 36
~-ill Helminthoida miocenica SACCO: 0 Brzezna, Hierogl yphic Beds (field drawing) ; ~ Limanowa, R opianka Beds,
UJ TF 652; El Dzwiniacz Do lny, Krosno Beds (the trace intersected by a flute cast), UJ TF 714; Idl ( ?), Zlatna, Ro ­
piank a Beds (field drawing) ; @ Gorzeri Gorn y, Gorzeri Beds, UJ TF 1403; E1 Przenosza, Skrzydlna Beds, UJ TF 1174;
]!I \Vola Brzezinska, Ropianka Beds, UJ TF 1022; IB Przenosza, Skrzydlna Beds, UJ TF 1127; ill SACCO, 1886, fig. 2;
ID Przenos za, Skrzydlna Beds, UJ TF 1133; iki -fOi Helminthoida helminthopsoidea SACCO; iki Wola Brzezinska, Rop ianka
Beds, UJ TF 1013; ill Lipn ica Mala, Belove~ B-;;-ds, UJ TF 339; Iml Letownia Gorna, Beloveza Beds, UJ TF 2; '8 Kr ze­
szow, Upper Istebna Beds, UJ TF 2030; @l Helminthoida aculeata n. ichnosp., Szczawa, the stream Glebieniec, UJ TF
716; §-E!) Cochlichnus aff. anguineus Hrrcacocx: IPi Lipnica Mala, Beloveza Beds, UJ TF 1635; @ Komaricza, Hiero ­
glyphic Beds, UJ TF 1203; 0. Gordia marina EMMONS, EMMONS, 1844, pI. 14, fig. 24 ; 0-0 Gordia molassica (H EER) :oJuszczyn, Hieroglyphic Beds, UJ TF 1249; El Juszczyn, Hieroglyphic Beds, UJ TF 1253; § Hclminth oida molassica
HEER, H EER, 1865, fig. 327; Iwl Skrzydlna, Krosno Beds, UJ TF 245; El Grodek, Ciezkowice Sandstone , UJ TF 1520;
oGordia arcuata n. ichnosp ; lyIl Wetlina, Krosno Beds, UJ TF 1219 ; ly~ 1 Wetlina, Krosno Beds, UJ TF 1225; 1y3! We-

tlina , Krosno Beds, UJ TF 1222. All figures x 0.5
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specimens th e string is wide (10 mm) and h igh. Th e tubercule s are not develop ed on all corners,
(text- fig. 37).

In one specimen th e string int ersects a flute cast , in an other a clearly pre-depo sitional cast
(filled with obliquely laminated sand) . Thi s points to post-depositional origin.

Remarks. - The assignment of this type to Paleomeandron is ba sed on the existence of
the secondary, mostly "Greek" type meanders . No full meander has been found and this may
open this assignment to argument .

Sediment. - Thin-bedded (up to 4 em) horizontally or obl iquely rippled current laminated
sandstones.

Association. - In one instance it is po sterior to Taphrhelminthopsis , but is intersected by ­
Sabularia.

Occurrence. - Lowe r Eocene - Beloveza Beds: Lipnica Mala (the main stream), Sidzina.
Lubomierz. Middle Eocene - Hieroglyph ic Beds: Daliowa (cf.); Lacko Beds: Podwilk (aff.) ,

Ichnogenu s Taphrlielminthoida n. ichnogen,

Type ichnospecies: Taphrhelminthoida convoluta n. ichnosp.

Diagnosis. - Bilobate guided meandering trace, with a tendency to coiling.
Remarks. - As pointed out before (p. 135) all types of Taphrhelminthopsis distinguished

by SACCO (1888) are freely winding, and none shows guided meandering. Since in the quite
abundant Carpathian material no intermediate types between th ese two classes , freely mean­
dering and guided meanders, have been found , it seems to be advi sable to cla ssify the bilobate
guided meanders as a distinct ichnogenus, joining the features of Taphrhelminthopsis (the median
furrow, "tafr6s") and of Helminthoida (elongated, guided meanders).

Origin. - In most cases the specimens are prc-depositional , as evidenced by the filling
with obliquely laminated sand (casts). But in one or two cases the trace intersects flute casts.
This would mean that Taphrhelminthoida in some instances is a pre-depositional locomotion
trail, but in others may be a post-depositional feeding burrow of the Pascichnia type. The pro­
ducer was probably a solenogaster (see discussion on the origin of Taphrhelminthopsis, p. 135).

Taphrhelminthoida convoluta n. ichnosp .
(pI. 22, fig. I ; pI. 23, fig. 5)

1932. Cylindrites convolutus B EER, PALlIll N ill V ASSOEVICH , p. 53, pI. 2, fig. 5.
Holotype : VI TF 813 (pl. 22, fig. 1).
Type locality : Berest near Grybow,
Type horizon: Beloveza Beds, Lower Eocenc ,
Derivation of the name: Lat, convolutus - convolut e.
Material : 23 specimens and a number of field observations.

Diagnosis. - Hypichnial rope-sized groove cast; bilobate meanders closely spaced, often'
coiled. Median gro ove concave, fairly deep, the marginal ridges large and rounded.

Description. - In the holotype the meanders ar e 10 to 16 cm high and 2 to 4 cm broad
near the base. The width of the string varie s between 12 and 20 mm, the height attains 5 mm.
The median groove, on the average 4 mm wide, is 2 to 3 mm deep. The meanders densely
cover the sole. Their axes only are partly parall el to one a nother.

The dimensions of other specimens ass igned here are vari able . Th ere are specimens in which
the height of the meanders is 20 cm, and others in which the largest meander is only 6 cm
high. The width of the trace ranges from 6 to 20 mm. The degree of "guid ing" of the meanders
also varies , even in one and the same specimen. There are specimens with more obligatorily
developed meanders , and some with looser meandering. In some specimens coiling may be
conspicuous (pI. 23, fig. 5).



TR ACE FOSSILS IN TH E FL YSCH OF TH E POLISH CA RPATHIANS 169

Remarks. - So far as I have been able to find , th e first mention and figure of a similar
type were given by VASSOEVICH (1932) and his specimen was determined as Cylindrites convolutus
H EER. Following th is I determined my specimens as Taphrh elminthopsis convoluta (H EER)
(KSL'1ZKIEWICZ, 1970, p . 300), since the figure of VASSOEVI CH clearly shows two ridges separated
by a median groove. H owever, in no paper of H EER could I find a double meandering form under
the name indicated by PALlBIN, and HEER's Cylindrites convolutus (1876, p. 159, pI. 65, fig. 4)
represents a unilobate cylindrical form , probably belonging to a Helminthopsis. The form
discussed is similar to the "Maanderfahrte" of GOTZINGER and BEcKER (1934).

Sediment. - Graded or horizontally laminated sandstones, up to 10 cm thick.
Occurrence. - Senonian - Inoceramian Beds: Kakolowka ; Ropianka Beds: Lipnica Mala ,

Raba Wyzna , M szana Dolna (the stream on the slope of Mt. Strzebel), Szczawa , Wierzbanowa,
Poreba Wielka, Limanowa, Wol a Brzeziriska , Wola Krogulecka, Skwirtne ; Srom owce Beds:
Krempachy, Sromowce Wyzne (the hamlet Katy). Palaeocene - Szczawnica Beds: Kroscienko
on the river Dunajec. Palaeocene-Lower Eocene - Variegated Shales: Sopotnia Mala, Zbludza,
M ordarka, Lipowe, Stara Wies , Uscie Gorlickie. Lower Eocene - Beloveza Beds (fairly
frequent): Zlatna, Lipn ica Wielka, Lipnica Mala, Zubrzyca G6rna, Sidzina, Let ownia Gorna ,
Trzetrzewina, Popowice, Beiest. Middle Eocene - Hieroglyphic Bed s: Daliowa; Majdan ;
Lac ko Beds: Kamienica near Nowy Sacz. Upper Eocene - Magura Sandstone: Ochotnica.

Taphrhelminthoida plana (KSIJ\ZKIEWICZ, 1970)
(pl, 22, figs 2, 3)

1970. Taphrhelminthopsis plana ichnosp. nov., KSL,\ZKIEWICZ, p, 300, pI. 3, figs g, h.
Holotype : UJ TF 1367 (pI. 22, fig. 2).
Type locality: Zubrzyca Gorna, the hamlet Ochlip6w.
Type horizon : Beloveza Beds, Lower Eocene.
Derivat ion of the name: Lat. planus - flat ; the low relief of thc trace.
Mat erial : 4 specimens, one of them a slab WIth numerous traces. Few occurrences noted in the field.

Diagnosis. - Hypichni al groove cast or full burrow ('1). Double guided meanders, often
coiled , the median groove wide and flat , the marginal ridge s narrow and low.

Description. - Th e holot ype represents a double tr ace, 12 to 30 mm wide and a few mill
high. The meanders are guided, coiled , abo ut 14 Clll high and 3-4 cm wide at the base. The
distance between th e arms of th e meander is 2 cm . The median groove is 6 mm and the ridges
3-4 mm wide. Th e ridges a re delicately and den sely covered with st riat ions .

Other specim ens are s imilar though in some the height of the meanders is less and in some
it may be almost twi ce as high as in the holotype. The meanders may be spaced less closely
than in the holotype.

Remarks. - Thi s type differ s from H. convoluta by its subdued relief.
Sediment. - Fine-grained sandstones, up to 10 cm thick.
Occurrence. - Lower Eocene - Belo veza Beds: Lipnica Wielka , Zubrzyca G6rna (the

hamlets Ochlip6w and Mon iak6w).

IX. BRANCHED WINDING AND MEANDERING STRUCTURES

Here are grouped freely winding and meandering strings provided with more or less long
lateral branches o r append ages. In some types the meandering is fairly close and the lateral
branches approach or reach the neighbouring main string, thus forming an incomplete network.
In thi s way some types grouped here fOI m an intei medi ate link between th e winding and
meandering structures and the true networks.
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All types of thi s gro up are hypichn ial st ruct ures . In very many cases th e st ruct ures a re
cylindrical and in tersect sedimenta ry st ructures of th e soles (lineation, flute casts). In many
cases, however, the evidence is not clear and the structures seem to be casts, but it is not possible
to determine with certainty whether th ey are full burrows weld ed with the materi al of th e sol e,
or collapse or sedimentation casts. The suggest ion should b e kept in mind that some structures
might have been formed as feeding burrows along the clay/sand interface , and others as surface
trails prior to the deposit ion of th e sand. F or the m ost part they were made by an imals densely
processing the subst ra tum and shou ld be tr eat ed as Pascichnia.

Jf th e st ructures di scu ssed are pre-dep osit ional , th e problem of th e filling does not present
any d ifficulties. Either they are branching grooves o n th e sea-bottom cast by th e current-borne
sa nd, o r t hey are subsu rface burrows excavated and recast (SEILACH ER, 1962). If th ey are full
burrows, the manner of the filling is mor e difficult to expl ain. The wo rm s form a branched
trail , as observed by N ATHORST (1889). The lat eral b ran ch may be made by means of the pro­
boscis laterall y probing the sed iment, or by th e an ima l itself: polychaete WOI ms living in tubes
a re ab le to move forward and back ward ( KU KENTHAL & KRUMBACH , 1934, pp. 130-131). When
the anima l moves forward in its main burrow it fills it as fast as it moves with the material
wh ich has passed through its a limenta ry canal. This manner of filling is impossible in the lat eral
branch , from which the animal has to ret ii e. It is possibl e that th e later al branches were not
filled with egested material but by the coll apsing material of th e roof. Thi s view seem s to be
endorsed by the obse rvat ion that the lateral branches are often lower and of no clear cylindrical
shape. Thus the main burrow would be a full feeding burrow and the lateral branches collapse
casts. But it is also possibl e that the animal produces so much exc ret ed mat erial that, under
pressure, it may penetrate into th e lateral branches, even if long.

The group of st ructures d iscu ssed includes Acanthorhaphe K SL,\ ZKI EWICZ, Belorhaphe Fucas,
Protopaleodictyon K SIJ\ZKI EWI CZ , Urohelm inthoida S ACCO.

Jchnogenus Acanthorhaphc K SIJ\ZKI EWI CZ , 196!

Type ichnospccics: Acanthorltaphc delicatula n. ichno sp .

Diagnosis. (a fte r K SIJ\ZKI EWICZ , 196\ a). - Hypichn ial st rings winding in low meander s with
lateral short th orn-like appe ndages o n the convex side of th e windi ngs .

A canthorhaphe delicatula n. ichnosp .
(pl, 23, figs 8- IQ; text-fig. 38)

1970. Acanthorhaphe (unname d ), K SI-\ ZKI EWI CZ , p, 301, fig. 4 h.
Holotype : UJ TF 972 (pl . 22, fig. 8).
Type locality : Biala Wyzna neat Grybow ,
Type horizon: R opi anka Beds, Senonian.
Derivation of the name : Lat. delicatulus - delicate.
Mat erial: 18 specimens and a dozen occurre nces noted in the field.

Diagnosis. - H yp ichnial t hread-like full (?) burrow, winding III sho rt bends of va riab le
curvature, with short appendages on th e convex side,

Description. - In the holot ype there a re four traces, all close together , each about I cm
long. One trace consist s of tw o tangent bends, one of wh ich is p rovided with four thorn-like
appendages of unequal length ; the longest is 5 mm long and arcua te . The thickness of the
st ring is less th an I mm .
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M ost of the other specimens consist of only one bend , with four of five appenda ges. Th ese
may be somewha t narrowed at the base and poin ted at the outer end , but some a re clavate.
The curvatur e of the bends is variable; some traces are semicircular, others almost straight.
Th e trace usually occurs alone, but occasionally may occur scattered in profusion on the sole,
in a few cases with some ove rlapping.

Sediment. - Fine-grained , thin-bedded (th e thi ck est 6 cm) sandstones with composite
bedding, or hori zontal or single-current laminati on.

Association. - Protopaleodictyon submontanum, small Sabularia.

Fig . 38
Acanthorhaphe delicatula n. ichnosp,

~ Lipnica Ma la, Variegated Shales, UJ T1' 1322; ~ Zbludza, Beloveza Beds, UJ
T1' 2001; @Smrekowiec, Ropian ka Beds, UJ T1' 1745 ; 0 Lipnica Wielka, Beloveza
Beds, UJ TF 1328; 0: Lipnica Mala, Beloveza Beds, UJ rr 1327; ill Lipnica Ma­
la, Variegated Shales, UJ TF 877; @ Smrekowiec, R opiank a Beds, UJ T1' 1745;
~ Zubrzyca Go rna, Beloveza Beds, UJ T1' 1324; EI Lipnica Mal a, Beloveza Beds
UJ T1' 1326 ; ill Lipnica Wielka, Beloveza Beds, UJ TF, 1323; !B Lipnica Wielka ,
Beloveza Beds, UJ TF 1334; I!I Lipnica Wielka, Beloveza Beds, UJ T1' 1328;
11111 Zubrzyca Gorna, Beloveza Beds, UJ T1' 1324; 8 Romanowa Wola, Ino ceramian
Beds, UJ TF 1499 ; § Podwilk, Beloveza Beds, U)· T1' 1325. All figures x 0.5

Origin. - In the holotype th e tr ace occurs on a lineated underface and int ersects del icate
sole st ructures. In a few cases the cylindrical form of th e string is eas ily seen. Evidently post­
depositional.

Occurrence. - Senonian - lnoceramian Beds : Wolodz, Roman owa Wola ; Lo wer Istebna
Beds: Czarnorzeki (in the interbed of fuco id marl s) ; Ropi anka Beds: Chyzowki , Limanowa ;
Wola Krogulecka, Grybo w, Biala Wyzna, Smrekowiec, Uscic Gorlickie , Siary ; Sromowce Beds:
Srom owce Wyzne. Palaeocene~ Upper Istebna Beds: Targoszow. Lower Eoc ene - Beloveza
Beds (fairly fr equent) : Zlatn a, Lipnica Wielka, Lipnica Mala, Zubrzyca Gorna, Podwilk ,
Sidzina , Zbludza. M idd le Eocene - Hieroglyph ic Beds: M ilowka, Zalesie, Brzezna.

Acantliorhaphc incerta K Slt\ ZK1EW1 CZ, 1970
(p l, 23, figs 6, 7)

1970. Acanthorhaphc incerta ichnosp. nov., K Sl t\ ZKI EW IC Z , p. 301, fig. 4a.
Holotype : UJ TF 1441 (pl. 23, fig. 6).
Type locality: Goleszow near Cieszyn.
Typ e horizon: Cieszyn Limestone, Berriasian.
Derivation of the name: the course of the windings is interrupted and therefo re uncerta in.
Material: 2 slabs , each with a few traces, and some occurrences noted in the field.

Diagnosis. - Hypichni al thread- sized full burrow or cast, winding in low meanders with
lat eral appendages on the convex side .

Description. - Th e string is I mm wide or less, very low. Th e meanders are of sma ll am­
plitude (2- 3 mm ) and I to 2 cm long, usually aligned along a definit e path , but interrupted .
Append ages of various length s (1-2 mm ) occur on the con vex side of th e meanders at irregular
inte rva ls, 2 or 3 on one bend. The y are th ick at the base and po int ed at th eir terminations.

Sediment. - Th in-bedd ed (3-4 cm), fine-grained limestones or sandstones, horizontally
laminated. Th e filling mat erial is slightly coarser th an in the ho st rock .

Occurrence. - Berri asian - C ieszyn Lim estone : G olesz6w (the main qu arry). Hauteri­
vian - Grod ziszcze Beds: Zegocina .
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Ichn ogenus Belorliaphe FUCHS, 1895

Type ichnospecies: Belorhaphe zickzack ( H EER) ( H A:-ITz sc flEL, 1%2).

Belorhaphe zickzack (H EER, 1876)
(pI. 24, fig. 1; text-fig. 39)

1876. Cylindrites Zick zack HR., B EER, p. 159, pI. 68, fig. 10.
Mat erial: 15 slabs, some with numerous traces.

Description. - Th e basic feature of this type is the presence of sma ll trian gular meanders
with sho rt appendages on the apices (FUCHS, 1895, p I. 4, fig. 4). In th e material collected such
meanders in well-developed specimens are aligned in first-ord er meanders of variable shape :
some are low and broad (pl. 24, fig. I ; text-fig. 39a), ot hers relati vely narrow (text-fig. 39c).
Th e second-order triangular meanders are usually 4-5 mm high and 6-7 mm wide at the base
with an apical angl e of 65 to 75°. Occasional1y th ere a re much sma ller specimens, with triangular
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Fi g. 39
Belorhaphc F UClIS

iaf-ifi Belorhaph c zick zack (HEER) : i:il Ja roszowice, U pper Cieszyn Sh ales, UJ TF 119 ; ibi Gorzcn Gorny, U pper Cie szyn
Shales, UJ T F 1414 ; @ Sidzin a , Bc~vcza Bed s, UJ T F 1443 ; idi Zeg ocina , Grodziszcze Bed s, UJ TF 1016 ; El Wi sniowa ,
Upper C ieszyn Shale s, UJ TF 1168 ; IT] Ze goci na , G ro dziszcze Beds, UJ T F 1019; @ Belorhaphe 'l Li powe, Variegated
Shales, UJ TF 653; [B Bi fab regae (AZPElTIA)? Sidzina, Beloveza Beds, UJ T F 1037 ; ill Bi fabr egae (AZP ElTIA), Sid zin a,
Beloveza Beds, UJ TF 1666; ill Belorhaphe zick zack , a fo rm intermedi at e betwee n Belorhaphe and Paleomeandron, Ja-

wo rki, Srom owce Bed s, UJ TF 1445 ; is B. [abregac (AZPElTIA), Z ubrzyca G 6rna, D J TF 1672. All figure s x 0. 5

meanders 2.5 mm in height. In man y specimen s th e ap ical j uncture of the arms of the tr iangular
meanders is sometimes rounded . Th e inner side of the j uncture is always rounder th an the
outer one. Th e apica l appendages, tr iangular in shape, are 0.5 to I mm long. Th ey arc th ickened
at the base. On some apices there are no appendages; instead th ey may be swollen into a tu­
bercule. The surface of the st ring is smooth, bu t in one specimen (V J T F 1874, Por abka, Lower
Lower G odula Beds) delicate transverse striae (per ista ltic?) a re visible.

In some slabs th e mean ders cove r the sole p rofusely, but never int ersect one another.
Sediment. - Fine-grained , th in-bedded (up to 6 cm) horizontally or single-current laminated

sandstones,
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Association. - In th e Cieszyn Limestone together with Sub lorenzinia plana, in th e Upper
Cieszyn Shales with a He lminthopsis. In on e instance intersected by M egagrapton irregulare .

Origin. - In several cases the tr ace is of cylindrical sha pe. It also crosses flute casts. This
suggests th at it is post-depositional (KSIJ\ZKIEWICZ, 1970, K ERN & WARME, 1974, p . 898). One
specimen, however , seems to be intersected by some ridge-like swells, presumabl y current­
formed.

Occurrence. - Berriasian - Cieszyn Limestone: G oleszow (th e mai n quarry). Valangi­
nian - U pper Cieszyn Shales : G orzeri Gorny, Jar oszo wice. Hauteri vian - G rodziszcze Beds
(frequent): Lipnik (and other local ities reported from th e Bielsk o area by NOWAK, 1970),
K ozrnice W ielk ie, Porab ka Uszewska, Wisniowa (the strea m M ark ow), Zegocina, Brzyska
(the strea m on th e slope of Mt. Li wocz). Cenomanian - Lower G odula Beds : Porabka ;
Wi sni owa (the stream on th e slope of Mt. Ciecieri). Turoni an - Middle G odula Beds: Targo­
szow. Senonian - In ocerami an Beds : Kalwari a Paclawska ; Ropianka Beds: Lim anowa,
Kacl owa, Uscie G orl ickie. Sromowce Beds: Jaworki (a doubtful specimen, text-fig. 39j).
Lower Eocene - Beloveza Beds: Zubrzyca G6rna, Sidzina (the st ream across the Kielek
range). Middle Eocene - Hi eroglyphic Beds: Skomi elna Czarna , Zubracze ; Lacko Beds:
Sidzina .

Belorhaphe Iabregae (AZPEITIA, 1933)
(pl. 24, fig. 2; text-fig. 39t, k)

1933. Hel icolithus fabregae n. sp., AZPElTIA, p. 52, pl. 3, fig. 10; pl, 10, fig. 2 IA.
Material: 13 specimens, 1 slab with numerous traces.

Description. - Th e widt h of th e string is somewhat larger than in B. z ickzack, and the
triangular meanders are correspondingly larger. Th e apical appendages are usually small or
sca rcely developed , bu t th e junct ure of th e arms is often provided with a tubercule. Some of
th e apical bend s are sinusoidal and th eir inner side is ro und. In some specimens th e meanders
are not tri an gular but trapezoidal , recalling Paleomeandron. Th ey may also be sinuso idal,
resembling Cochlichnus (text-fig. 39g). Th e character of th e first-order meanders is unknown ,
with th e exception of one speci men illustrated in pI. 24, fig. 2. Th is kind occurs in the form
of sma ll fragments .

Remarks. - Our spec imens fit well with th e descr iption and figur e given by AZPEITlA. The
presence of tubercul es on the apices a nd th e occasional stitch-like contacts bet ween the arms
of th e meanders (text-fig. 3917) may confi rm his presumption tha t the animal when changing
its course mad e an overtur n in a similar way to Helicolithus. In its tri angular meanders this
type resembles Belorhaphe more than Helicolithus. It s first-order meanders, as indicated by the
specimen pictured in pI. 24, fig. 2, presuma bly a re also more like th ose in Belorhaphe th an in
th e last-nam ed type .

Sediment. - Thin-bedded (up to 12 cm) , fine-grained sandsto nes , graded, horizontally or
d iagonally laminat ed .

Origin. - ]n one specimen the str ing is cylindrica l and adherent to th e so le. In other
specimens it is not so clear, but the re-entrants at the juncti on of the string with the sole also
suggest a cylind rical shape. In one specimen, however , the trace is clearl y intersected by flute
casts (text-fig. 39 k) .

Occurrence. - Senonia n - R opi an ka Beds: Limanowa (the haml et M arciszow), Pal­
aeocene - Szczawn ica Beds: G rywald . Lower Eocene - Variegat ed Beds : L ipowe ; Belo veza
Beds: Lipnica M ala , Zubrzyca Gorna , Sidzina, M yslec. M iddl e Eocene - Pa~ ierb iec Sandstone:
Osielec ; Lacko Beds: Zubrzyca Gorna (the haml et Moniak ow - KSIJ\ZKIEWICZ, 1961a),
N aszacowice, Kamien ica near Nowy Sacz ; Hi eroglyph ic Beds : D al iowa, Kornaricza.
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Ichnogenus Protopaleodictyon KSTJ\ZKTEWICZ, 1958

Type ichnospecies: Protopaleodictyon incompositum KSIJ\ZKI EWI CZ.

Diagnosis. - Hypichnial more or less regular meanders with one or two appendages usually
branching from the apex of the meanders.

Remarks. - This term (first spelled Protopalaeodictyoni was proposed by the author
(KsIJ\ZKIEWICZ, 1958, pI. 2, fig. 1, also 1960, as Protopalaeodictyon n. f., pp. 751, 745, pI. 1,
fig. 5 and text-fig. 1) because the trace in many cases occurs in the form of an incomplete
network. It is now thought that the traces previously classified as Palaeoclzorda (KSIJ\ZKIEWICZ ,
1961 a, 1970) may also be included in this ichnogenus (see the discussion below).

Protopaleodictyon incompositum KSIJ\ZKIEWICZ, 1970
(pl , 24, figs 3, 4; text-fig. 40)

1970. Protopaleodictyon incompositum ichnosp . nov., KSIJ\ZKI EWIC Z, p. 303, fig. 4e .
Holotype : UJ TF 1484 (pI. 24, fig. 3).
Type locality: Osielec, Mt. Przykrzec, near Jord an6w.
Type horizon : Hieroglyphic Beds, Middle Eocene.
Derivation of the name: Lat. incompositus - not composite; if the trace occurs in a network form , it is nOI complete.
Material : 20 specimens and a few occurrences noted in the field.

Diagnosis. - Hypichnial string-sized full burrow, forming composite meanders with short
appendages branching on the apical bends of the second-order meanders. When the sole is
densely covered an incomplete network may be formed.

Description. - In the holotype the string is 1.5 mm wide and on the average 0.5 mm high.
It is wound in composite meanders. The first-order meanders are 9 to 10 cm high, and 2.5 cm
broad at the base. Their axes are approximately parallel to one another. The secondary
meanders are almost sinuous in their course, about 1 cm high and 1 cm wide at their base.
The appendages are placed on the apices of the second-order meanders. They are of variable
length, for the most part 3-5 mm, occasionally 10 mm long. In most cases only one appendix
branches from the apex, but in some there are two appendages branching on either side of the
apex. Some of the second-order meanders have no appendages. This refers particularly to the
apices situated on the inner side of the first-order meanders. The trace densely covers the sole.

There is not much diversity in size and shape within this type. In some instances the ap­
pendages are much longer than in the holotype (up to 20 mm, text-fig. 40d, g,j, m), in others
they are quite short (text-fig . 40b, c). Their length may be variable in one and the same spe­
cimen. The density of the covering of the sole varies. In some, rather rare, cases the trace
occurs singly, but in most cases it occurs pr ofusely on the sole and may cover it more densely
than in the holotype (text-fig. 40 i). If the first-order meanders are situated close to one another,
the outer appendages may come to an almost direct contact and a network is formed (text­
fig. 40j, i).

Remarks. - The first-order meanders of this type recall the pattern of meandering in
Cosmorhaphe fuchsi. It may be said that the type discussed is the Cosmorhaphe but provided
with appendages.

This trace seems to be widely distributed. SEILACHER (1959, tab. 1, fig. 11) pictures an
almost identical form, and TANAKA (1971) reports a similar, although not identical, kind
from the Japanese flysch.

Sediment. - Fine-grained, horizontally or obliquely laminated sandstones, up to 15 cm
thick.

Association. - Small Spirophycus, Strobilorhaphe pusilla posterior to this trace.
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Fig . 40
Protopaleodictyon incompositum KsI-\ZKI EWICZ

oMaru szyna, Trawne Beds, VJ TF 336; IB Zubrzyca Go rna, Beloveza Beds, VJ TF 395; El Lubomierz, Variega ted
Shales, VJ TF 2051; 0 VSCIC Gorl ickie, Beloveza Beds, VJ TF 1554; El Osielec, Hierogl yphic Beds (field drawing);
iB Jord an6w, Hieroglyphic Beds, VJ TF 338; [!j Osielec, Hieroglyphic Beds, VJ TF 900; 18 Stara Wies, Variegated
Shales. VJ TF 709 ; illLetownia G6rna, Hieroglyph ic Beds, VJ TF 340; illOsielec, Mt. Przykrzec, Hierogl yphic Beds,
VJ TF 342; [§ Jaworki, M agur a Sandstone, VJ TF 343; illLipnica Mal a, Belovcza Beds, VJ TF 337; Iml Huwniki,
Inoccramian Beds. VJ TF 723; 8 Stara Wies, Variegated Shales, VJ TF 709; ~ Limanowa, Ropianka Beds (field
drawing) ; :£I Kakolowka, 1noccramian Beds (cut across by a Sabu!aria), VJ TF 955; ~ Jordan6w, the hamlet Mun-

kacz, VJ TF 763. All figures X 0.5

Origin. - Post-depositional, as indicated by inter sect ion of flute casts and current lineation.
Occurrence. - Albian - Trawne Beds: Maruszyna. Senonian - Inoceramian Beds: K,!ko­

lowka, Huwniki; Ropi anka Beds: Smrekowiec. Pa1aeocene-Lower Eocene - Variegated
S'iales: Zbludza, Stara Wies, Uscie GorIickie. Lower Eocene - Beloveza Beds: Lipnica Mala,
Letownia G6rna, Trzetrzewina, Berest; Ciezkowice Sand stone: Slernieri. Middle Eocene­
Hier oglyph ic Beds (frequent) : Koszarawa, Zawoj a (the stream Koriskie and other places),
Sidzina , Juszczyn ; Osielec, Letownia G6rna, Skomielna Czarna, Tokamia, Jordanow (the
hamlet Munkacz), Zalesie, Hariczowa, Zawadk a. Upper Eocene - Magura Sandstone (the
lowest part): Jaworki .
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Protopaleodicty on minutum n. ichnosp.
(pI. 24, fig. 5)

Holotyp e: UJ TF 121 (pI. 24, fig, 5).
Type locality : Marc6wka near Sucha Beskidzka,
Type horizon : M agura Sandstone, Upper Eocene.
Derivation of the name: Lat. minutus - very small, minute.
Material: 2 specimens.

171

Diagnosis. - Hypichnial thread-sized groove cast (?). Sinuous meanders with short ap­
pendages or small tubercules on the apices.

Description. - In the holotype the string is about 1 mm wide and very low. The meanders
are composite. The first-order meanders are a few cm high with their arms 1 to 2 cm apart
at the base and the axes roughly parallel. The secondary meanders are low and show a sinuous,
not very regular course. Many of them are provided with short triangular spiny appendages
or round knobs.

Remarks. - This trace resembles tho se types of Protopaleodictyon incompositum that are
provided with short appendages, but it is much smaller.

Sediment. - Fine-grained, laminated sandstone, 75 cm thick(!).
Association. - Helminthopsis tenuis.
Origin. - It occurs on a striated sole with a few prod marks. A low ridge, parallel to the

lineation, traverses the trace but does not much affect its meanders, which are slightly depressed
on the traverse (scoured ?). Possibly this is a pre-depositional form.

Occurrence. - Upper Eocene - Magura Sandstone: Marcowka,

Protopaleodictyon submontanutn A ZPEITI A, 1933
(pl, 25, figs 1-5 ; text-fig. 41)

1933. Cylindrites submontanus n. sp., AZPEITIA, p. 44, pl, 10, fig. 21B.
Mc terial : 34 specimens and at least the same number of occurrences noted in the field.

Description. - Here are assigned hypichnial string- or thread-sized casts and full burrows,
irregularly winding and meandering, branching at various points, but mostly at the apical
bends of the meanders. Occasionally this branching leads to the formation of irregular networks
which consist of meshes varying in size.

The width of the string varies; it is commonly 2-3 mm, rarely 3 and 3.5 mm, but there
are a number of specimens in which the width of the string is less than 1 mm (pI. 25, fig. 4).
The height of the strings is also variable; the thicker strings may be 1.5 mm high. The surface
of the strings is smooth. The meandering is irregular; usually in the same specimen the windings
are loose, and in some parts the string is only feebly curved or even straight. Branching occurs
at various points , but quite often on the apices of the meanders or winding. The lateral branches
usually end at a distance from the main string, but often they join one another and thus form
an irregular net. The branching is due either to true or contact dichotomy. The former takes
place on the apical bends, the latter on the straighter sectors of the trace. The lateral branches
on the whole are less winding than the main string. The meshes are of various sizes and shape.

Fig. 41
Protopaleodictyon submontanum (AZPEITIA)

jilj Komaricza, H ieroglyphic Beds (field drawing) ; ~ Osielec, Mt. Przykrzec, Hieroglyphic Beds, UJ TF 1258; lel Ka­
mionka Wielka, Hiero glyphic Beds, UJ TF 1123; 0 " Cylindritcs submontanus" AZPEmA, 1933, pI. 10; El Lipnica Mala,
Beloveza Beds, VJ TF 1255; ill Jordan6w, the hamlet Munkacz, V J TF 765; ~ Zubrzyca Gorna, Beloveza Beds, UJ
TF 454; TIil "Palaeochorda marina" EMMoNs, LESSERTISSEUR, 1955, fig. 22B , Ej Juszczyn, the hamlet Kozlownik, VJ TF
1252; illKamionka Wielka, Hieroglyphic Beds, UJ TF 1123 bis ; § Zubrzyca G6rna, the hamlet Ochlip6w, Beloveza
Beds, UJ TF 1156; NLipowe, Variegated Shales, UJ TF 637; Irn l Komaneza, Hieroglyphic Beds, UJ TF 1148,8 Lip­
nica M ala, Beloveza Beds, UJ TF 1255; 0 Berest, Beloveza Beds (field drawing); Ipl Lipowe, Variegated Shales, VJ

TF 635. All figures x 0,5

12 - Palacontolog ia P olo nica N o , 36
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Generally, the greater the width of th e st ring, the larger is the size of the mesh. Usually the
number of complete meshes in one specimen is small : in a trace covering an area of 300 cm
there are onl y two or th ree complete and a few almost closed meshes. In many specimens
th ere are no complete meshes at all, but the genera l character of the tr ace is the same (pI. 25,
fig. 2).

The tr ace may cover large surfaces of th e sole, e. g. at Tokarnia it covers the sole densely
over an area of 6 m",

Remarks. - Although there is considerabl e diversity in size and shape in the material col­
lected , severa l specimens correspond well to th e type described by AZPEITIA. Since the generic
term used by him is ambiguo us, on th e strength of th e figure redrawn from the paper ofDELGADO
(1886) by LESSERTISSEUR (1955, p . 41, fig. 22 B), representing a trace very similar to our ma­
terial and assigned to Palaeochorda, I have determined this tr ace as Palaeochorda submontana
(KSIJ\ZKIEWICZ, 1961a, pp . 883, 887, pI. I , fig. 3). The term Palaeochorda was introduced by
M cCoy (1848) bu t , as noted by HXNTZSCHEL (1965), it is synonymous with the Gordia of
EMMONS (1844) . Th e traces described and illustrated both by EMMONS and McCoy are quite
regul arl y meandering , th e meanders overlap or cross one another but there is no branching,
whereas the material reproduced by D ELGADO (1886, pI. 42 and pI. 39, fig. 2) displays distinct
branching. For this reason th e term Palaeochorda cannot be used for our material. Undoubtedly
there is some semblance to Protopaleodictyon in the manner of branching and the tendency
to form irregular networks.

Th e trace discussed seems to be similar to th e unnamed type illustrated by SEILACHER (1959,
p . 1069, fig. 19) and described as "sehr lockeres M aschenwork". The type described by AZPEITIA
is rega rded by LLARENA (1946) as a disordered Paleodictyon net.

P. submo ntanum differs from P. incompositum in the less regul ar course of the first-order
meanders and th e much longer appendages . The tend ency towards fo rmation of nets is more
pronounced in P . submontanum .

The trace discussed differs from Irredicty on VIALOV (1971 a) in its much more irregular
and onl y occasionally developed network. In Irredictyon the sides of the meshes are much
stra ighter, the meshes are qu adrilateral , pent agonal or hexagonal , while in P. montanum they
a re quite irregular. Th e network described by D ESIO (1940) as Eoclathrus Balboi has also meshes
with straighte r sides .

There is considerable diversity in the thickness of the strings and the size of the meshes if
develop ed. Since th ere is an impercept ible grada tio n between the specimens with thick and
very thin stri ngs, it is not possib le to divide thi s type into more than one species, although
th ere is a danger tha t under the term P . submontanum more th an one species may be lumped
together. In the specimens with thin strings the net is better developed (pI. 25, fig. 4; text-fig.
41 k , I), and perhap s this would form an argument fo r distinguishing them as separate ichno­
species. But th ere are int ermediate form s between them and the types with thicker strings
(text-fig. 41 b, c, e). The adva ncement in maturity of the producing animals or th e amount
of food might have been respon sible for th e differences in size.

Sediment. - Fine-grained, thin-bedded (most often 5-12 cm, but in one case 50 cm) sand­
sto nes, grad ed, or hor izontally and obliquely laminated .

Association. - The tr ace may be intersected :by Fucusopsis annulata, various types of
Sabularia, Protopaleodictyon incompositum (text-fig. 41n) . In one specimen it disturbs Hel­
niinthoida alt erna .

Origin. - Most of the specimens are casts, but in severa l instances cylindrical strings occur
together with subcylindrica l strings . It is po ssible that the animal did 110t fill its excavation
everywhere and th e void part s were filled by the collapsing roof material. A post-depositional
origin is indicated by the intersection of the flutes by a trace which they have not disturbed,
a lthough its strings may sto p sho rt near the flute casts or slightly change their course on contact
with it .
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Occurrence. - This ichnospecies appears first in the Upp er Cretaceous, in which it seems
to be very rare , occurs in some strength in beds of the Palaeocene-Lower Eocene age, and is
common in the Middle Eocene.

Cenomanian - Lower Godula Beds: Jaroszowice. Senonian - Ropianka Beds: Trzebunia,
Mszana Dolna. Palaeocene-Lower Eocene - Variegated Shales: Sopotni a Mala, Lipowe,
Stara Wies, Limano wa. Lower Eocene - Beloveza Beds (frequent): Lipnica Wielka, Lipnica
Mala , Zubrzyca Gorna, Osielec, Zaryte , Szczawa (the stream Glebieniec), Trzetrzewina, Po­
powice, Berest. Middl e Eocene - Hieroglyphic Beds (frequent): Rajcza, Zawoja (the hamlets
Policzne, Podpolice and other places), Juszczyn (the hamlet Kozlownik), Osielec (the stream
on the slope of Mt. Przykrzec), Tokarni a, Kamionka Wielka, Wysowa, Hariczowa, Komaricza ;
Lacko Beds: Naszacowice.

Ichnogenus Urohelminthoida SACCO, 1888

Type ichnospecies : According to A NDR EWS (1955) Urohelminthoida appendiculata (HEER), but HANTZ SCHEL (1962)
takes H . dertonensis S ACCO as the type species.

Remarks. - This ichnogenus is related to Helminthoida owing to its guided meanders,
which have short appendages on the apical bends. Some meanders may have no appendages.

Origin. - In a few specimens of either of these ichnospecies the cylindrical shape of the
strings has been ascertained, but in many cases the evidence is not clear. Probably at least
some of the traces of this group are post-depositionaI. This view may be supposed by the fact
that in some cases the burrows occur on two levels, one above the other near the underface
(text-fig. 42b).

Urohelminthoida appendiculata (HEER, 1876)
(pI. 26, figs 1-3 ; text-fig. 42a- c)

1876. Helm inthoida appendiculata HR., H EER, p. 168, pl. 66, fig. 3.
Material: 8 specimens.

Description. - The strings are 2-3 mm thick, straight or feebly bent, practically parallel to
one another. The appendages are 1-2 cm long. At the forking point one string usually maintains
the direction of the appendi x and the other makes a bend as seen in the figure of FUCHS (1895,
Hercorhaphe, pI. 5, fig. 3).

Some specimens differ from the type of HEER by repeated forking (pI. 26, figs 2, 3); the ap­
pendix branches into two strings which at a small distance from the forking point dichotomize
again.

In some strings, which for the most part are full burrows, some enrichment in coarser
grains and mica is not iceable.

Sediment. - Fine-grained , graded sandstones, 3-6 cm thick.
Association. - Small Desmograpton, Glockeria parvula.
Occurrence. - Senonian - Ropianka Beds: Lipnica Wielka (the hamlet Kiczora - re­

ported as Hercorhaphe FUCHS, KSIJ\ZKIEWICZ, 1960, pI. 1, figs 2-3), Limanowa, Gryb6w;
Skrzydlna Beds: Skrzydlna. Palaeocene - Szczawnica Beds: Kroscienko on the river Dunajec.
Palaeocene-Lower Eocene - Variegated Shales : Lipnica Wielka (the hamlet Kiczora).

Urohelminthoida dertonensis SACCO, 1888
(pl, 26, figs 4,5 ; text -fig. 42e- w)

1888. Urohelminthoida dertonensis S ACC. , S ACCO. , p. 184, pl, 2, fig. 8.
Material: 30 specimens.

Description. - This is a not uncommon type in the Carpathian flysch but in very few
instances is fully developed or preserved. The stri ngs are 0.5 to 1.5 mm wide. The distance
12*



180 MARIAN KSl t\ZKIEWICZ



-rn.ACE FOSSILS IN THE FLYSCH OF THE POLISH CARPATHIANS 181

between the forking points varies from 2.5 to 6 cm and may vary in one and the same specimen.
The forking angle also varies; it may be as wide as 40°. The length of the appendages is 1 to
12 mm , but usually short appendages predominate. The strings are often not so parallel as in
H. app endiculata.

All specimen s arc hypichnial, except for one collected in the Ropi ank a Beds (Kaclowa),
which is endichnial.

The specimens found in the Ciezkowice Sand stone have tr ansverse irregular knobs instead
of appendages (pI. 26, fig. 6; text-fig. 42x, y ). They may be related to an unnamed type pictured
by SEILACHER (1955, fig. 5, nr 72), in which, however, the transversal position of the appendages
is more pronounced.

Sediment. - Fine-grained , grada tionally or horizont ally lamin ated sandstones , up to 20 cm
th ick.

Association. - May be intersected by Subphyllochorda , Spiropliycus, Buthotrepliis. Accom­
panied by Helminthoida alterna.

Occurrence. - Hauteri vian - Gr odziszcze Beds: Wisniowa (the stream Markow), Biesnik.
Senonian - Inocerami an Beds: Rzegocin, Kr asice, Kalwaria Paclawska (the stream Sopotnik),
Skrzydlna Beds: Przenosza, Skrzydlna; Ropianka Beds: Zawoja, Grzechyn ia, Limanowa,
Wola Krogulecka, Biala Wyzna, Kwiatori . Palaeocene - Upper Istebna Beds: Tabaszowa,
Czarnorzeki ; Szczawnica Beds: Kr oscienk o on the river Dunajec (KSIJ\ZKIEWICZ. 1961a , pI. 2,
fig. 4); Grywald (the stream Tylka). Palaeocene-Lower Eocene - Variegated Shales: Zaryte,
Lipowe, Kacl owa. Lower Eocene: Zn amirowice (not typical) - Beloveza Beds: Lipnica Wielka,
Lipnica Mala, Zub rzyca Gorna (the hamlet Ochlipow), Zubrzyca Dolna, Sidzina, Osielec,
Letownia G6rna, Szczawa (the st ream Glebieniec), Zbludza, Trzetrzewina, Berest. Middle
Eocene - Hieroglyphic Beds : Juszczyn, Bierikowka, Brzezna, H ariczowa, Korn aricza ; Lacko
Beds: Naszacowice , Myslec, Upper Eocene - Magura Sandstone: Mlynne (interbed of thin­
bedd ed sandstones).

X. NETWORKS

This group includes traces in the form of more or less complete nets with stra ight or almost
straight strings. Here belong Desm ograpton Fucns, Megagrapton KSIJ\Z KIEWICZ, and Pa/eo­
dicty on MENEGHI Nr. All arc hypichnial structures.

Ichnogenus Desm ograpton FUClIS

Type ichnospecies: Desmograpt on fu chsi n. ichnosp.

Remarks. - Since FUCHS did not use any specific name, the traces he illustrat ed (pI. 5,
figs 1-2, 4-6) have been taken as the type ichnospecies and named Desmograpton fuch si
n. ichnosp .

Fig. 42
Urohelminthoida SACCO

§ -@H. appendiculata (HEER): [a] Limanowa, Ropianka Beds, UJ TF 702, ~ Kroscienko, Szczawnica Beds, UJ TF
749; @Limanowa, Ropianka Beds, U'J TF 661; @I Limanowa, Ropianka Beds, TF 823; @-l wl H. dertonensis SACCO:
@Kroscicnko, Szczawnica Beds, UJ TF 768; ill Zubrzyca Gorna, the hamlet Moniak6w, Beloveza Beds, UJ TF 358;
@ Kalwaria Paclawska, Inoceramian Beds, UJ TF 1486; IB Li pnica Mala, Beloveza Beds, UJ TF 1593; ill Letownia
G6rna, Beloveza Beds, UJ TF 355; ill Hariczowa, Hieroglyphic Beds, UJ TF 1862; 0 Szczawa, the stream Glebieniec
UJ TF 732; ill Tabaszowa, Upper IstebnaBeds, UJ TF 348; \m l Sidzina, Beloveza Beds, UJ TF 352; 8 Osielec, Beloveza
Beds, UJ TF 141; fOi Myslec, Lqcko Beds, UJ TF 974; 0 Przenosza, Skrzydlna Beds, UJ TF 11 34; 0 Przenosza,
Skrzydlna Beds, UJ TF 1150; El Lipnica Mala, Beloveza Beds, UJTF 344 ; @Wisniowa, GrodziszczeBeds, UJ TF 1172;
[i] Szczawa, the streamGlebieniec, Beloveza Beds, UJ TF 2052; jUi Zubrzyca Gorna, Beloveza Beds, UJ TF 360; Iwl Za­
; oja, thestreamKalinka, Ropianka Beds, UJ TF 351; 0 U. aff .dertollellsis SACCO, Znamirowice,Ciezkowicc Sandstone,
UJ TF 346; 0 U. aff. dertonensis SACCO, Znarnir owice, Ciezkowicc Sandstone, UJ TF 144. All figures X 0·5
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Desniograpton fuchsi n. ichno sp.
(pl, 29, fig. 5; text-fig. 43)

1895. Desmograpton, F UCHS, p. 349, pl, 5, figs 1- 2, 4- 6.
Lectotype : FUCHS, 1895, pI. 5, fig. 2.
Cotype: UJ TF 1119 (pI. 29, fig. 5).
Type locality (for the cotype) : Lipnica Wielka, the hamlet Kiczora, near Nowy T arg ,
Type horizon (fo r the cotype): R opianka Beds, Senon ian.
Derivation of the name: in honour of THEODOR F UCHS, Austrian geologist and palaeontologist.
Material: 21 specimens.

Diagnosis. - Hypichnial narrow, roughl y straight and parallel closely spaced string-sized
full burrows arranged in band s, with some transverse links between the strings.

Description. - The specimen taken for th e cotype occurs on the sole in the form of two

Fig . 43
Desmograpton fu chsi n. ichnosp .

ET Maruszyna , Babiarze Beds, UJ TF 396; I§ Biala Wyi:na, Ropianka Beds, UJ TF 1433; @Valea de Largu, Ru manian
Carpathians, Ha ngu (= Inoceramian) Beds, UJ TF 1350; @l Kleczany, R opianka(?) Beds, (coli. W. SZAJNOCHA), UJ
TF 1453; 0 Lipnica Wielka, the hamlet Kiczora, R opiank a Beds, UJ TF 1591; ill Limanowa, Ropianka Beds, UJ TF
664; ~ Sidzina, the stream Glaza, Beloveza Beds, UJ TF 1452; '!El-El various types of transverse links: IB Wola Krogu­
lecka, R opianka Beds, UJ TF 2002; BLipnic a Wiclka, the hamlet Kiczora, UJ TF 1119 and other specimens. All

figures x 0.5

bands, one (presented in pI. 29) 18 cm, the other 10 cm long . The strings are 0.6 to 1.0 mm wide.
They attain the greatest width in the midd le portion of the band, where they are somewhat
swollen. Some strings are also swollen at their ends, but most ot them thin out towards their
terminations. Their length varies: the longest arc 40 mm, but many may be only 8-10 mm long.
They are approximately parallel, particularly in the median zone of the band, bu t towards

"
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their end s are often curve d. The intervals between the strings are fair ly constant, 1.5 to 2 mm
wide. Th er e are few interconnecting strings .

In some specimens th e strings are slight ly th icker (one, text-fig. 43d, probably belonging
to th is ichnospecies, has str ings 4 mm wide) and not so closely spaced, while in others they are
very thin and short (text -fig. 43 e). These differences may be due to the d ifferent ages of the
producing animals. The transversal links may be of various characters (text-fig. 43 h, i ). Some
are lat eral branches of the ma in string, dichotomizing at a right or an acute angle and thus
forming Y- or H-shaped interconnection between th e main strings. Some of the transversal
links intersect the neighbouring main strings, others form meandering bends in the median
zone. In some specimens the transversa l links may be entirely ab sent.

Remarks. - If the tran sversal links in the median zone of the band are absent, do ubts
may ari se whet her a specimen of th is type actually belongs to Desm ograp ton , since the centra l
part of He lminthoida crassa or Urohelminthoida if without terminations at either cnd of the
meanders may be similar to Desmograpton . A swelling of the stri ngs in th e median zone, cha ­
racterist ic of all fully developed spec imens, is helpful in these instances .

Sediment. - Fine-grained, graded or hor izontally laminated sandstones, thin-bedded (in
one instance 15 cm th ick).

Association. - Urohelmintlioida appendiculata , Taphrhelminthopsis auricularis. May be
intersected by Sabularia .

Origin. - In most cases there are no clear indicat ions whet her this type is pre- or post­
depositional , since the strings are closely fused with th e host rock. In th e cotype and some
other specimens the stri ngs seem to be cylindrical. In one specimen the strings intersect ridge­
and-fur row crescentic structures of the sole. It seems th at at least part of the se traces are post­
depositional.

It is not easy to explain the formation of the pattern of parallel strings in Desmograp ton.
Here perhaps the specimen in text -fig. 43g may be of some help. In it the apical bends are
partly joined and the other ends of the meanders are with out termination. Th is specimen re­
sembles He lminthoida alt erna, in which th e apical bends of two opposing sets of meanders
are very near one anot her. It may be that in Desmograpton these bends merge together, and
in ll. alterna they are separated by an empty zone between the two opposing sets . If so, the
manner of constructing the network of Desmograp ton would have been similar to th at of
H. alterna, on ly the spacing of the ar ms of th e meanders is denser and the arcuate terminal
bends shorther and closely linked in Desmograpt on (text-fig. 43c,f).

As in helminth oids, polychaete wor ms were th e most probable prod ucers.
Occurrence. - Turonian - Middle Godul a Beds : K ocierz. Senonian - Inoceram ian Beds:

Rzegocin, Kakolowka, Bachow, Krasiczyn (coIl. K . WOJCIK), Huwniki , Wola Romanowa ;
Ropianka Beds: Lipni ca Wielka (the hamlet Kiczora), Limanowa (the hamlet Marciszow),
Kl eczany (coIl. W. SZAJNOCHA), Wo la Brzeziriska, Wola K rogulecka, Biala Wyzna ; Sromowce
Beds: Maruszyna. Palaeocene - Szczawnica Beds : Halu szowa, Grywald ; Bab iarze Beds:
Maruszyna (the ham let Babiarze). Lower Eocene - Beloveza Beds : Sidzina (not typical,
text-fig. 43g ).

Ichnogenus Megagrapton KSIJ\ZKIKWICZ, 1968

Type ichnospecies: Meg agrapton irregulare KSI-\ZKI EWICZ , 1968.

Diagnosis. - Hypichnial straight or feebly curved burrow, string-sized, branching at
approximately right ang les and forming nets co mposed of irregular, not always closed
polygons (KSIJ\ZKIEWICZ, 1968).

Remarks. - This trace has some resemblance to Protopaleodicty on subm ontanum as it
tends to be composed of irregu lar an d incompleted meshes. It differs in the non-meandering,
almost stra ight course of its strings.
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Megagrapton irrcgulare KSI!~ZKIEWICZ, 1968
(pl, 25, figs 6- 8 ; text-fig. 44)

1968. Meg agrapton irregulare n. "sp ." , K SI-\Z KIEWI CZ , pp. 5, 14, text -fig. 3.
Holotype : UJ TF 809 (pI. 25, fig. 6).
Type locality : Berest near Gr ybow ,
Type horizon : Belove za Beds, Lower Eocene.
Derivation of the name : irregular network.
Material : 13 specimens.

185

Diagnosis. - Hypichnial str ing-sized fulI burrows, stra ight or weakly curved , branching at
irregular int ervals mostly at approximately right angles and forming more or less complete
irregular polygon s.

Description. - Th e holotype con sists of cylindrical str ings 2 mm wide and up to 1.5 mm
high. They are almost straight. At various intervals they br anch at approxima tely right angles.
Some of th e branches end abruptly, others join and form meshes. A completed mesh is roughly
rectangular (4.5 X 7 cm) .

Other specimens show the same main features, but th ere is considerabl e d iversity in the
thickness of the strings and th e size of the meshes. The thickness of the strings varies between
1 and 3 mm, th e size of the meshe s from 3.5 x 5.5 cm up to meshes 17 cm long. Many of them
are no t closed .

The rpccimcns illu strated in pI. 25, fig. 9 and text-fig. 44a are assigned here with some doubts.
These are very thick (up to 12 mm) cylindrical st rings, in some parts swollen, ramifying at
vari ous angles. The network is highly irregular, the meshes of var ious size and shape. Perhaps
the se specimens deserve to be classified as dist inct ichnospecies of Megagrapton .

Sediment. - Thin-bedd ed (the th ickest 20 cm, usually much less), fine-grained sandstones,
with composite bedd ing or horizontally and current-laminat ed sandstones .

Association. - Belorhaphe, Paleodictyon; in one instance the trace intersects Sabularia, in
another is int er sected by it . Tt interpenetrates Strobilorhaphe clavata.

Origin. - The evidently cylindrical form (som et imes the string s adhe re to th e sole) and
int er sect ion of sedimentary structur es suggest a post-d eposit ional origin. The ab rupt breaks
in th e st ring (pI. 25, fig. 7 ; text-fig. 44J) ma y have been formed when the animal left the interface
a nd de scended in to the clay.

Occurrence. - Scnon ian - Rop ianka Beds: Liman owa (th e hamlet Marciszo w), Kaclowa
(the thi ck type); Sromowce Beds : Jaw orki (th e strea m Skalski). Palaeocene-Lower Eocene ­
Variegated Shale s : Stara W ics, Biczyce (the th ick type). Lower Eoeene - Ciezkowice Sandstone:
Ciezkowice (in sha ly interbeds); Beloveza Beds: Lipnica M ala, Zubrzyca Gorna (the ham let
Moniak6w-KsI~ZKIEWICZ, 1961a, pI. 1, fig. 1-2, repor ted as Megagrapton n.f.); Sidzina
(the stream across Mt. Kielek) , Szczawa (the stream Glebieniec), Myslec, Berest . M iddle
Eocene - Lacko Beds: M yslec. Ol igocene - Krosno Beds: M szan a Dolna .

M egagrap ton tenue KSI~ZKIEWICZ, 1968
(p l , 25, fig. 10)

1968. Megagrapton tenue n. "s p.", KSI-\ZKI EWI CZ , pp . 5, 14, fig. 1.
Holotype: UJ TF 391 (pI. 25, fig. 9).
Typ e locality: Golesz6w near Cieszyn.

Fi g. 44
Megagrapton irregulare KSL'1Z KIEWICZ

El Kaclowa, Ropiank a Beds (after field photography); @] Lipnica M ala, Beloveza Beds, VJ TF 1343; iC'1 Zubrzyca Gorna,
the hamlet Moniakow, Beloveza Beds, UJ TF 2042; @I Ja worki, the stream Skalski, Sromowce B~s (field drawing);
El Zubrzyca G6rna, Beloveza Beds, VJ TF 1345; ill Zu brzyca G6rn a, Beloveza Beds, VJ TF 387; ~ Berest, Bcloveza

Beds, VJ TF 2053. All figures x O. ~
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Type horizon: Cicszyn limestone, Bcrriasian.
Derivation of the name: Lat, tenuis - very sma ll ; a very slender trace . .
Material : 2 specimens.

Diagnosis. - H ypichnial , thread- sized full ('1) bur row, ra mify ing at varIOUS int ervals and
forming a net work composed of irregul ar polygon s and rectan gles.

Description. - In th e holotype th e string is 1 mm wide . It rami fies at irregular int ervals
(15-25 mm) at approximately right angles. The str ings a re st ra ight or weakl y curved. The
dimensions of the rectangles are variabl e, the sma llest being 15 x 25 mm , th e largest 25 x 35 mm.
Some of the polygons are pent agonal. As th e stri ngs are not continuou s, on ly a few polygons
are clo sed .

Remarks. - Since some of th e polygons are pent agonal , th e network is somewhat similar
to Paleodictyon. The size and sha pe of the polygon s in the t race discussed vary, and for the
most part are incomplete, while in the species ofPaleodictyon the differences in th e size and shape
in one and the same specimen are very sma ll. In add ition, in Paleodictyon the meshes are closed
except for the lateral zones of the nets.

Sediment. - Fine-grained limestone, 3 cm thick, with composite bedd ing.
Origin. - As is usually th e case with thin strings, it is d ifficult to determine whether they

are cylindrical or not. The trace occurs on an uneven sole, and th e string br eaks off on all
protuberances. It is bordered on one side by a dr ag ma rk , but there are no indications that
the trace is intersected by it. Th e string thins out an d wan es before reaching the drag mark.
Possibly, the anima l stopped constructing its net in front of the obsta cle, or omitted it by digging
into the subjacent clay.

Occurrence. - Berriasian - Cieszyn Limestone ; G oleszow (the main qu arr y).

Ichnogenus Paleodictyon MENEGHlNI, 1850

Type ichnospecies: Paleodictyon strozzii M ENEG HINI (HANTZSCHEL, 1962).

Remarks. - Th e classification of Paleodictyon is based on th e size of the meshes, th e
thickness of the borderin g riblcts and the regul arity or irregular ity of th e meshes (WANNER,
1949). The last feature seems to depend mainly on th e cha racte r of the underface: on even,
flat soles the meshes are on th e whole more reg ular.

The classificati on into "s ubgenera", Paleodictyon s. str. an d Glenodictyon, propo sed by
VIALOV and GOLEV (1960), is not followed in thi s paper. This was based on the thickness of the
bordering ribl ets, which may vary in one and th e same specime n. Th e thick ness of the riblets
may depend to a considerabl e extent on the position of a ribl et in respect to the underface.
The riblets are cylindrical or subcylindrical. If the ribl et adheres to th e underface or lies with
its diameter on th e same level as th e underface, th e visible width of th e riblet is the greatest.
Wh en the ribl ets are situated more or less above the underface, th eir appa rent width becomes
smaller. If the rib lets are casts of pre-deposition al grooves, their width depend s on the depth
of scouring.

VIALOV and GOLEV (1960) tr eat Pleurodictyon FUCHS (1895) as a separa te " genus", since
in thi s group the bordering ribl ets are develop ed in an ellipsoida lly swollen form or replaced
by tubercules. Thi s distinction is not observed by HANTZSCHEL (1965) , who regard s Pleuro­
dictyon as synonymous with Paleodictyon (see also NOWAK, 1959). Act ually, in the figure
given by FUCHS (1895, pI. 6, fig. I) which is to rep resent Pleurodictyon, some border ing ribl ets
are swollen in the centre, but a good man y of them exhibit a normal shape with par allel flanks.
Furthermore, in the mat erial collect ed th e networks, in whic h all or some of the riblets have
an abnormal shape, are alw ays develop ed in distinctl y coar ser ma terial. Th is seems to suggest
that the producing anima l, when wor king in a coarser mate rial excreted its droppings in a dif­
ferent way th an when wor kin g in a finer-grain ed sediment. In th ese con ditions the anima l did
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not excre te contin uo usly, but a t regular in te rva ls sq uirted ou t littl e j ets o f th e processed mater ial.
Since th e existence of specimens wit h a mixed type of ribb ing, as seen in t he figure of FUCW5
and in some of o ur specimens (p I. 27, figs 15, 17, pI. 29, fig. I) renders the d istinction of Pleuro­
dictyon from Pale odictyon impossibl e, t he specimens with ab no rmal riblets are tr ea ted here as
sepa ra te form s of Paleodictyo n. The classificat ion of these aberra nt for ms is adapte d to that
of normal form s: th ey ar e ass igned to various ich nospecies of Pa leodic tyon on th e basis of the
size of the meshes a nd th e width of th e ab no rma l riblcts. Th ose with swollen riblets a re termed
forma pleurodictyonoides and the form s in which rib lcts a re replaced by t ub ercul es forma
punctata.

The existin g classificat ion of Pa leodic tyon has many draw back s. As said above, the width
of the bord er ing r iblcts may vary in on e and t he sa me specime n. 1n so me cases th e size a nd
shape of the meshes seem to be influenced by the 1clief of th e sole a long which the animal was
work ing (F. SIMPSON, 1967). But when basic feat ures (thickness of the bordering ridges, size
of the meshe s) a re measured , it appea ls th at the networks may be: d ivid ed into several size
classes, between wh ich t here is littl e ove rlapping (tabl es 16, 17). Th is ap parently may indicate
th at specific classificat ion now in u se is j ustified .

Yet t here is sti ll another d ifficulty, recently ra ised by CHAMl3ERLAIN ( /971), who ca lled
attent ion to th e probl em of the ontogenet ic growth of Paleodict yon net prod ucers. It may be
envi saged th at th e d ifferences in th e size of th e burrows and meshes a re d ue rat her to thi s caus e,
and not to a specific different iati on. In th is respect cert a in cases a re d iscussed below in th e
characterizati on s of the ichnospecies described. M uch fu rth er st udy is needed on this p roblem .

Origin. - Old er views, epitomized by SACCO( 1939), which co nsidered Paleodictyo n as a body
fo ssil , have been aba ndoned since S::ILACHER (1954, p . 217, fig. 2) suggested that it is a feed ing
tra il. N ow there are two probl em s concern ing the or igin of Paleodicty on: first , whether thi s
trac e is pre- or post-depositional ; seco nd , how the net-laying anima l const ructed such a regul ar
network.

The first qu estion is sti ll under d iscussion. Long ago SQUINABOL ( 1890, p . 33, fig. 1) found
that the border ing riblet s a re of cylind rica l shape. A similar ob servation was mad e lat er by
WOOD and SMITH (1958) a nd N OWAK ( 1959, fi g. 6 /). On the ot her hand SEILACHER (1962) ,
who found Paleodictyon in pelit ic rocks, p resumes that it is a pre-deposit ion al mud b urrow,
excavated a nd filled with sand by a current. T he view of p re-depositio nal o rigin is supporte d
by D ZULY NSKI an d SANDERS (1962, pl. l A) who illustrated Paleodictyo n net inter sected by a flut e
cast. CHAMBERLAI N (197 Ia) t reat s Paleodictyon as "an endoge nic sco ure d and sand cast hyp o­
relief" . The views of MIRCEA ( 1937) and VIALOV (1963, 1964) th at the Paleodictyon net s may
be imprints of tadpoles is a lso in accorda nce with t he concept of a pre-deposit ional origin.
A st ro ng argument aga inst th e view of pre-dcposit ional origin is b rough t by F. SIMPSON (1967)
wh o, on the b asis of th e materi al co llected in the Srom owee Beds of the P ieniny zo ne, noted
th at larger and more symmetrica l meshes occur on the crests of erosional st ructur es (flutes) ,
and sma ller ones at e de veloped between th ese features. T he present a utho r (KSLyZKIEWICZ,
1970, p . 306) found in a few cases t ha t th e riblets a re cylind rica l (an observat ion no w con firmed
by a much richer mat erial) and that in one ins tance t he ribl ets inte rsect a clearl y post-deposi­
tional Helminthopsis (KSI""ZKI EWICZ, 1970, pl . 4, fig. q). There are also instances of well­
developed networks covering t he steep flank s of ero sional features o n underfaces (pl . 27, fig. 13).
In very many specimens the riblet s a re so well welded to th e sole that it is impossible to determi ne
whether they are actua lly cylindrical an d post-dcposit ional , or groove casts and pre-dcp osit ion al .
There are also instances of very t iny meshes occurring on so les of relatively th ick sandsto nes
(IQ cm). It is difficult to assume th at a very small animal man aged to build a regular net below
a considerable overburden. On th e b asis of a ll these facts it may be assumed tha t many, if not
most , of the Paleodicty on producers lived and worked belo w sand layers, but some were able
to live in mud , and prob abl y to inges t both mud and fine-grained sand .



TRACE FOSSILS IN THE FLYSCH OF THE POLIS H CARPATHJANS 189

It should be added that C RIM ES ( 1973) found in the Spanish flysch both pre- and P03t­
dep ositional paleod ictyons.

T he mann er of const ruct ion of the network poses another p robl em . SQUINABOL (I 890, p. 33),
and later Fu c n s ( 1895) and N OWAK ( 1959), considered that the net was form ed ofa co mbination
of the Belorhaphe-t ype tr aces (text-fig. 45a). To endorse this view NOWAK claims that Belorhaphe
and Pa leodictyon often occur together. Th is cannot be con firm ed by the prese nt author, who
coll ected almost 200 slabs with Paleodictyon, an d only in very few found Paleodicty on and
Belorhaph e t ogether on the same so le. M oreover, the apical ang le of the trian gul ar meanders
in Belorhaphe are mu ch smaller than the angles in the pentagonal and hexagonal meshes of
paleodictyons. There are also very ra re cases when the presuma bly apica l appendix directly
meets the op posite appendix, as it wou ld be if the Paleodictyon network were formed in th e way
presumed by SQUINABOL (text-fig. 45 a). Anothe r interpretation was offered by CHAMBERLAIN
(1971 a). Accordi ng to him the net is bu ilt up by a simple meander patte rn in wh ich converging
meander s overlap (text-fig. 45b). Th is view could be sup ported if specime ns were found in
which in th e presumabl y overlapp ing pa rt s of th e meander s the bordering ribl ets occur one
above the other. N o such spec imens have been detected in th e comparati vely rich Carp athian
mat er ial , ne ither have any specimens with vertica l turn ings been found which co uld endorse
the int erpretati on proposed by WEBBY (1969 b).

Fig. 45
Paleodictyon . The manner of net -layingointerpretat ion of SQ UINAnoL - FUCHS - N owAK; ~

interpretati on of CHAMBERLAIN ; @J interpretation of the author

a b c

A no ther interpretat ions is tentat ively put forward here. Generall y, in the ap pend icula te
me ander ing traces th e appendages are placed on th e apical bend s of the meanders (Pro to­
paleodic ty on, Be lorhaphe, Urohelm inthoida), or on t he co rners of th e qu ad ratic meanders, as
is the case in Pa leotneandron . In th e latt er th e meanders may have a trapezoid al form, approxi­
mat ing that of a halvedPaleodictyoll hexag on . If th e a nimal followed such a trapczoid al course and
by its nature had the prop ensity of prob ing the sand side ways (with its proboscis) it made, like
the Paleomeandron producer, sma ll processes on the corn ers of its trap ezoidal meanders (text­
fig. 45c). Initiall y, the ani ma l form ed appendages on both sides of its course, since both were
tree. When it turned back an d th igmotact icall y meandered closely to the mean deri ng burrows
alrea dy made, it d id not push its proboscis toward th e exist ing tr aee (becau se of pho botaxis),
but on ly towards the free side . From the occupied side th e anima l was repelled eithe r by some
sort of chemical sensing or tact ile perception. If this explanation is right, palcodi ctyons wo uld
have been formed simi larly to Pa leomeandron, on ly the meanders were more close ly guided,
an d the lateral prot uberances longer.

In th e cases when Paleodictyon is a full bur row, the problem of filling the lateral ap pe ndages
is the sa me as in a ll meandering fo rms with lateral branches.

Paleodictyon m illutissim 11111 KSJ/~ZKIEWICZ, 1970
(pl, 27, figs I, 2)

1970. Paleodictyon minutissimum ichnosp. nov., KSI<\ZKIEW ICZ, p. 306, pl. 6a , b.
Holotype: UJ TF 89 (pl. 27, fig. 2).
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Type locality : Sidzina, the stream Kamienski, near Jordanow,
Type horizon: Beloveza Beds, Lower Eocene.
Derivation of the name: Lat. minutissimus - very small.
Material : 5 specimens.

191

Diagnosis. - The gre ate st diameter of the meshes is smaller th an 1 mm , the bordering
riblets are up to 0.5 mm wide , net s very small.

Description. - In the holotype the net is 5 x 7 mm in area. The riblets are 0.3 to 0.4 mm
wide , about 0.2 mm high . The meshes are roughly hexagonal. Their maximum diameter varies
between 0.7 and 1.0 mm.

This tiny kind occurs as minute nets consisting of a few meshes in one specimen (pI. 27,
fig. I), or crescentic st ripes. Th e width of the riblets ranges from 0.3 to 0.5 mm, the mesh size
from 0.7 to 1.2 mm ; it may vary in one and the same specimen.

Sediment. - Th e holotype occurs on the sole of a fine-grained , 2.5 cm thick sandstone,
but the Komaricza specimen was found on the sole of a sandstone 10 cm thick.

Association. - In two places together with Paleodictyon carpathicum. This may lead to
a suspicion that it might have been formed by very young individuals of the same producer
which made P. carpath icum. In one case intersected by Fucusopsis annulata.

Occurrence. - Lower Eocene - Beloveza Beds: Sidzina, (the stream Kamieriski) , Zubrzyca
Gorna (the hamlet Ochlipow), Middle Eocene - Hi eroglyphic Beds: Komaricza.

Pal eodictyon minimum SACCO, 1888
(pl. 27, figs 3, 4, 6, 7)

1888. Paleodictyon minimum S ACC., S ACCO, p. 159, pI. 1, fig. 6.
Mat erial: 8 specimens.

Description. - Th e meshes are 1-2 mm long, the bordering riblets for the most part 0.25
to 0.5 mm wid e, about 0.3 mm high. The width of the ribl ets may vary in one and the same
specimen. It is slightly smaller than in SACCO'S definiti on. The meshes are fairly regul ar, for the
m ost part hexagonal ; in one specimen th ey are slightly elongated. Some meshes have a tiny
tubercule in th e centr e.

Remarks. - This species correspond well with the Paleodictyon minutum of KINDELAN
(1919) , but VIALOV and GOLEV (1965) showed th at thi s species does not essentially differ from
SACCO'S form.

Sediment. - Very fine-grain ed , thin bedded (2.5 to 3 cm, in one instance 9 cm) , graded,
hori zontally laminat ed or single-current bedded sandstones. Occurs on flat soles, except for
the thickest bed, which exhibits sma ll flute casts not substantially influencing the trace.

Association. - In one case together with Paleodictyon carpathicum. At Mymori it occurs
in the same bed in which nets of Paleodictyon latum are abundant. Accompanied by Halyme­
nidium , int ersected by Sabularia.

Occurrence. - Senon ian - Sromowce Beds: Sromowce Wyzne (the hamlet Katy), Jaworki
(the st ream Skalski). Palaeocene-Lower Eocene - Variegated Shales: Trzetrzewina. Lower
Eocene - Beloveza Beds: Lipnica Wielka , Lipnica Mala, Sidzina, Berest. Oligocene - Krosno
Beds : M ymori, Jawornik (N OWA K, 1959, pI. 6, fig. d).

Paleodictyon latum VIALOV & GOLEV, 1965
(pl. 27. fig. 5)

1965. Paleodictyon (Glenodictyon) latum, V IALOV & G OLEV, p. 20, pl, 2, fig. 1.
Material : 23 specimens.

Description. - Th e thickness of the riblets varies from 0.5 up to 1 mm, but most commonly
is 0.5-0.7 mm. The mesh length ranges from 1 to 3 mm , but most commonly is 1.5 to 2 mm
(tabl e 16). Th e meshes are hexagonal and uniform in shape, which according to VIALOV and
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GOLEV is one of the char acte ristic features of thi s ich nospecies. There are, however, specimens
with a fairl y variable mesh size in one and the same specimen. Some meshes may also be penta­
gonal or quadratic, or even subcircular. The larg est net is 18 cm",

Remarks. - There are some difficulties in d istinguishi ng thi s species from P. minimum.
In some specimens the width of the riblets is so var iable that it even falls to the width charac­
teri stic of P. minimum.

Sediment. - Fin e-grained, thin-bedded sandstones (up to 5 cm, usually less), graded, more
often gradat ionally and horizontally laminated or single-current laminated. The soles of this
form are usually flat and smoo th. When the surface is fluted the nets develop along the borders
of the flute casts.

Association. - Helicolithus and some not very well develop ed helminthoids. In one case
with P. carpathicum , in another with P. minimum. The latter occurrence may suggest th at
P. latum represents a mo re mature stage of the development of the producer. In a number
of cases the net is penetrated by Sabularia simplex.

Occurrence. - Seno nian - Tnoceramian Beds: Kakolo wka ; Gorzeri Beds: Gorzcri Gorny ;
Ropi anka Beds: Mordarka, Trzetrzewina ; Srom owce Beds : Sromowce Wyzne, Jaworki (the
stream Skalski - the nets described by F. SIMPSON, 1967, belong here ; most probabl y he col­
lected them in the Skal ski stream, and not in th e Bial a Woda valley, as he sta ted, since in the
latter there arc no beds with Paleodictyon, which is very abundant in the former). Palaeocene­
Lower Eocene - Var iegated Shales: Pewe1 Wielka. Lower Eocene - Beloveza Beds (fairly
frequent): Lipnica Wielka, Lipnica Mala, Zubrzyca Gorna (the haml et Ochlipow), Sidzina,
Lubomierz, Myslec, Berest. Middle Eocene - Hieroglyph ic Beds: Istebn a (the valley of the
Olza river), Lesna, Brzezna. Oligocene - Krosno Beds: M yrnori.

Paleodicty on interm edium K SIJ\Z KIEW ICZ , 1970
(pI. 27, figs 8, 9)

1970, Paleodictyon intermedium ichn osp . nov., KSI~ZKIEWICZ, p. 306, pl. 4g .
Holotype: VJ TF 1172 (pl . 27, fig. 8).
Typ e locality : Wisniowa, the stream M arkow, nea r M yslen ice.
Type horizon: G rodz iszcze Beds, Hauterivi an .
Derivation of the name : Lat. intermedius - inte rmediate; the type occupie s a n int ermedi ate position bet ween P.

latum and P. miocenicum.
Ma terial: 14 specimens,

Diagnosis. - Meshes mostly 2 to 3.5 mm long , the bordering ribl ets 0.5 to 1 mm wide
nets small.

Description. - In the holotype the width of the bordering rib lets ran ges from 0.7 to 1.0 mm;
most are 0.7-0.8 mm wide. The maximum length of the meshes var ies between 2 and 3.5 mm ,
but meshes with a length of 2.5 mm are predomi nant (table 16). The shape of the meshes is
very regular; most of them are hexagonal.

In other specimens the bordering riblets are most often 0.5 to 0.7 mm wide and a width
of 1 mm is reached rather seldom. The meshes are usually hexagonal, but in some specimens
are slightly elongated. The nets are small, the largest is 5.25 cm" in area.

Remarks. - The width of th e bordering ridges is almost the same as in P. latum, but the
meshes are distinctly lar ger (table 16).

Sediment. - Thin-bedded (up to 7 cm) , fine-gra ined, gra ded or horizontally lami nated
sandstones. In one instance the net covers a flute cast , in another it is developed on a sole with
a ridge-and-furrow lineat ion .

Association. - The holotype is intersected by Urohelminthoida dertonensis, some other nets
by Sabularia simp lex. May be accompanied by Fucusopsis angulata.

Occurrence. - Hauterivian - Grodziszcze Beels : Wisnio wa, (th e stream Markow) , Seno-
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nian - Inoceramian Beds: Lodyna, M arkowa; Gor zeri Beds: Gorzeri G orny; Ropianka Beds:
Mordarka; Sromowce Beds (frequent): Sromowce Wyzne, Krempachy (the stream Krety) ,
Jaworki (the stream Skalski). Palaeocene - Szczawnica Beds: Haluszowa. Middle Eocene­
Hieroglyphic Beds: Stara Wies (the slope of Mt. Cichori) .

Paleodictyon intermedium forma punctata n. f.
(pI. 27, figs 15, 17)

Materia!: 2 specimens.

Diagnosis. - The dimensions of the meshes correspond to those in P. intermedium, but
the bordering riblets are for the most part repl aced by tubercules.

Description. - In one specimen (pI. 27, fig. 15) there are 3I hexagonal meshes. Seven of
them are bordered by normal continuous riblets with parallel flanks , other by tubercules of
the same width (0.5-0.6 mm) or slightly thicker (up to I mm) than the riblets. The length of
the meshes is 3, 3.5 or 4 mm.

Another specimen (pI. 27, fig. 17) represents a net 12 cm- in area. Most of the meshes are
bordered by ridges 0.5 to 1 mm wide. Here and there, inst ead of riblets there occur tubercules
0.5 to 1 mm wide , round or elliptical. Most of the meshes are 2·5 to 3 mm long.

These specimens are similar to the specimen illustrated by SACCO (1888, p. 161, pI. 1, fig. 1),
which he determined as Paleodictyon sp. On the basis of thi s figure VIALOV and GOLEV (1965)
created a new form named Pleurodictyon punctatum.

Sediment. - Both specimens occur on soles of medium-grained sandsto nes, coarser than
the sandstones with nor mal P. intermedium.

Occurrence. - Lower Eocene - Ciezkowic e Sandstone : Znamirowice.

Paleodictyon strozzii M ENEGHINI, 1851
(pI. 27, fig. 10; pl. 28, figs 1, 2)

1851. Paleodictyon strozzii, M ENEGHI NI , p. 249 (no illustration, first illustrat ed by P ERUZZT, 1880 p. 7, pl. I, fig. 8).
Material: 42 specimens.

Description. - The largest diameter of the meshes varies between 2.5 and 5.5 mm, but is
most often between 3 and 4 mm. The bordering riblets are 0.3 to 1.0 mm wide, mostly 0.5­
0.7 mm . The nets are of moderate size, the largest about 47 cm" in area . The meshes, roughly
hexagonal, may also be pentagonal or rhombo idal, or elongated in one di rection. In one
specimen (pI. 27, fig. 10) some riblets are subcircular, bent in one direction, as in the Squamodic­
tyon of VIALOV and GOLEv.

Remarks. - The original definition of th is type is not very precise, and in addition the
specimen i11ustrated by PERUZZl does not exactly correspond with the description of MENEGHINI,
as pointed out by VIALOV and GOLEV (1965). The Carpathian specimens correspond well to
the mesh size of PERUZZI'S figure, but the riblets seem on the whole to be thinner.

Sediment. - Fine-grained, mostly very thin-bedded (3- 3.5 cm, in one case la cm)
sandstones, with composite bedding, horizontal gradational lamination or single-current
laminated. In one case the net covers a small flute cast and a narrow drag mark, without being
interrupted by them. In another instance the nets intersect a grain lineation.

Association. - The net may cover the trail of Taphrhelminthopsis vagans (KSlJiZKIEWICZ,
1958, pI. 2, fig. 3), evidently posterior to it. It is intersected by Sabularia and Halymenidium ,
Accompanied by Strobilorliaphe, Helminthoida crassa, Cosmorhaphe, and Protopaleodictyon
submontanum.

Occurrence. - Valanginian - Upper Cieszyn Shales: Lipnik near Myslenice, Senonian ­
Inocerarnian Beds : Rzegocin , Wara , Wol odz , Kuzmina, Bachow, Wola Romanowa. Szydlo-
13 - P al a eontolog ia P olonic a N o . 36
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wiec Beds: KobieInik ; Upper Godula Bed s: Kocierz ; Lower lstebna Beds (interbed of the
Inoceramian Beds type) : Czchow; Ropianka Beds (frequent): Sopotnia Mala , Lipnica Wielka
(the hamlet Kiczora) , Grzechynia, M szana Dolna (the streams on the slope of Mts. Strzebel
and Lubogoszcz), Szczawa, Polrzeczki , Wola Krogulecka , Siar y, Skwirtne ; Sromowce Bed s :
Jaworki (the stream Skalski). Palaeocene - Upper Istebna Beds: Krzeszow (the stream across
Mt. H arariczykowa), Czarnorzeki; Szczawnica Beds: Kroscienko on the river Dunajec, Halu­
szowa. Palaeocene-Lower Eocene - Variegated Shales: Lipnica Wielka (the hamlet Kiczora) ,
Zbludza, Berest. Lower Eocene - Beloveza Beds (frequent): Zlatna, Lipnica Wielka, Lipnica
Mala, Zubrzyca Gorna, Sidzina, Lubomierz, Myslec, Berest, H ariczowa. Middle Eocene ­
Hieroglyphic Beds: Osielec (the stream on the slope of Przykrzec Mt.).

Paleodictyon miocenicum SACCO, 1886
(pI. 27, figs 11-14)

1886. Paleodictyon miocenicum SACC. , SA CCO, p. 931, fig. 4.
Material : 19 specimen s.

Description. - According to SACCO the length of the meshes is 3 to 7 mm , the width of the
bordering ridges 1 to 1.25 mm. In our material the riblets are mostly 1 mm or slightly wider,
and the maximum length of the meshes is 4 to 5 mm (table 17). In some specimens the meshes
are hexagonal, in others somewhat elongated. In some specimens there is a tiny tubercule in
the centre of the mesh. The riblets may be a little swollen in the middle. The largest net covers
an area of 12 ern".

Sediment. - Fine-grained, thin-bedded (1 -3 , up to 6 cm) sandstones, graded or horizontally
laminated.

Occurrence. - Berriasian - Cieszyn Limestone : Goleszow (the quarry .on Mt. Buczyna),
Zywiec. Valanginian - Upper Cieszyn Shales: Zegocina. Senonian -Inoceramian Beds :
Kakolowka, Bachow ; Upper Godula Beds: Malinka; Lower l stebna Beds (interbed of the
Inoceramian Beds-type): Czchow ; Ropianka Beds: Grzechynia , Mszana Dolna (the stream
on the slope of Mt. Strzebel), Szczawa, Polrzeczki , Mordarka, Trzetrzewina , Wola Brzeziriska.
Lower Eocene - Beloveza Beds : Lipniea Mala . Middle Eocene - Hieroglyphic Bed s : Istebna
(the Olza river), Daliowa. Oligocene - Krosno Beds: Myrnori,

Paleodictyon miocenicum forma pleurodictyonoides n. f.
(pl , 27, fig . 16)

The specimen illustrated in pI. 27, fig. 16 has meshe s about ihe same length as in P. mioce­
nicum (4 mm), but the riblets are developed as strings thickened in the middle, giving them
an ellipsoidal form. They are wider (1.2 to 1.5 mm) than the usual width range in thi s ichnospe­
cies and in a few places are replaced by round tubercules.

Sediment. - Thin-bedded, 2 cm thick, fine-grained sandstone.
Occurrence. - Senonian - Skrzydlna Bed s: Przenosza (I specimen).

Paleodictyon miocenicum forma punctata n. f.
(pI. 27, figs 18, 19)

Material: 3 specimens.

Diagnosis. - The size of the meshes is like that in P. miocenicum but round tubercules are
developed instead of riblets.

Description. - The specimens illustrated in pI. 27, figs 18 and 19 were collected from the
same bed , yet they show some differences. The specimen in fig. 18 ha s cir cular or elliptical
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tubercul es, extr emely regul arl y spa ced, as if placed on th e corne rs of a hexagon who se maximum
length is 4 to 4.5 mm . The width of the tubercules is 1.5 to 2 mm. The net covers an area of
15 ern". An other specimen sho wn in fig. 19 has sma ller tubercules (1-1.5 mm ; only a few reach
th e width of 2 mm), and th e meshes are 3.5 to 4 mm lon g. Thi s netw ork was situated on the
sole only 10 cm from th e first. It cove rs a n area of 25 ern". On th e same sole there occ ur sm all
nets composed of a few meshes with dimensions typ ical of P. m iocenicuni .

Sediment. - Medium-grained sandsto ne, 6 cm thi ck.
Occurrence. - All three speci mens found in the Middle Eocene Hieroglyphic Beds at

Kam.esznic a , th e stream . Jan oska.

Paleodicty on carpa thicum (MATY ASOVSZ KY, 1878)
(pI. 28, figs 4, 5)

1878. Glenodictyum carpathicum M ATY., M ATYASOVSZ KY, p, 265, pI. 12.
Ma terial : 62 specimens an d a dozen occurre nces noted in the field.

Description. - The borderin g riblets are fairl y var iable in width, th e thinnest are 0.7 mm ,
the widest 1.5 mm but th ey are most frequ entl y about I mm . Th e width may vary in one and
th e same specimen. Occasion ally th e r iblets are so mewhat swollen in the middle, as in the
"Pleurodictyon" of Fu cn s (1895). Their height may rea ch I mm . Th e va ria tion in size of the
meshes is also conside rable, as alrea dy st ressed by VIALOV and GOLEV(1965). In many specimens
th ere are a few meshes with th e maximum length sma ller th an 7 mm , but on th e ave rage th e
meshes 7-8 mm long predominat e (ta ble 17). The meshes are ofte n elonga ted in one directi on .
They are mostly hexagonal , more rarely pent agonal or irregularl y qu adrati c. Th e nets are
ofte n of cons iderable size; in one case (Sidz ina, th e strea m K arnieriski , Beloveza Beds) the
network covers a n ar ea of almos t I m". Th e borderi ng riblets appear to be subcylindri cal in
most cases, but in severa l instan ces are clearl y cylind rical and may be detached from the sole .
In a few cases th e filling mat er ial is slightly coarser th an th at of th e host roc k.

Sediment. - Fine-grai ned, thin-bedd ed (the th ickest 6 cm, most frequentl y 2.5 to 3 cm),
graded, gra da t iona lly laminat ed , also single- or multiple-current la minat ed sandstones. The
nets are develop ed preferabl y on flat , even soles. In one case th e net is developed with its
elonga ted polygons oriented obliquely in relati on to th e direction of th e gra in lineation. If
th ere are a ny flute casts on the sole, th e nets occur between them with no clea r ind icat ion that
th ey are transsected by flutes. In a few instan ces the net cove rs both the flute casts and the
depressions bet ween th em. On th e ot her hand , in one case the net seems to be cut acros s by
a dr ag mark , and in a nother by a flute cas t . It seems th at most of th e nets are post-depositional ,
but some might have been mad e before th e sand was deposited.

Association. - It may occ ur together with other paleodictyons (P . minutissimum, m inimum ,
strozzii), In one instance th e r iblets intersec t a sinuo us string pr obabl y belongin g to a Helmin­
thopsis (pI. 28, fig. 4, see KSL'1ZKIEWICZ, 1970), but in most cases th e nets are earl ier th an other
traces : they a re intersected by Cosmorhaphe , Helm inthopsis, Subphyllochorda granulata, Fucu­
sops is annulata and Protopaleodictyon submo ntanum . Togeth er with P . carpathicum there
occur Helminthopsis, Acanthorhaphe delicatula, Strobilorhaphe, Fucusopsis annulata, and Proto­
pa leodic tyo n submontanum .

Occurrence. - Very rare in Cretaceous st rata, but becomes very frequent in th e Lower
Eoccne.

Hauterivian - Grod ziszcze Beds : K ozy M ale (NOWAK, 1959, pI. 3, fig. a). Turonian ­
M iddl e G odula Beds : Jar oszow ice (the haml et G oleb iowka). Palaeocene - Upper Istebna Beds:
Tab aszowa. Palaeocene-Lower Eocene - Var iegat ed Shales (frequent) : Lipnica Mala (the
stream Linorka), Osielec, Zaryte, Pol rzeczk i, Zbludza. Lower Eocene - Beloveza Beds (fre­
quent) : Lipni ca M ala, Zu brzyca G orna, Sidzina (the strea m K ami erisk i and other places),
13*
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Ponice, Poreba Wielka, Koninka, Polrzeczki, Zbludza, Wola Brzeziriska, Popowice, Myslec,
Berest, Tylicz (W~CLAWIK, 1969, fig. 1). Middle Eocene - Hieroglyphic Beds: Koninka, Wislok.
Upper Eocene - Magura Sandstone (in thin-bedded intercalations): Tylmanowa, Zegiestow
(coIl. W. SZAJNOCHA).

Paleodictyon regulare SACCO, 1886
(pl , 28, figs 6, 7 ; pI. 29, figs 2, 3)

1886. Paleodictyon regulare SACC., SACCO, p. 930, pl. 11, fig. 3 (also SACCO, 1899, pl, 2, fig. 11).
Material : 5 specimens.

Description. - To this ichnospecies are assigned a few specimens varying in character.
The specimen sho~n in pI. 28, fig. 6 corresponds best to the definition of this Paleodictyon.
The network is very regular (table 17), most of the meshes being 7 to 8 mm long. The riblets
are for the most part 1.6 mm wide , some slightly thinner while some attain 2 mm. They are
relatively high (about 1 mm) and the network has a marked relief, more marked than in any
other Paleodictyon type. The meshes are mostly hexagonal. Similar, although not quite identical,
specimens have been collected from the Beloveza Beds and Variegated Shales. The specimens
found in the Ciezkowice Sandstone (pI. 29, figs 2, 3) are rather different. In one of them some
of the meshes are small (4-5 mm in length, which corresponds rather to the mesh size ofP. mio­
cenicum), but other meshes are larger (6-7 mm). The riblets are thick, 1.5 to 2 and even 2.5 mm.
The shape of the meshes is irregular, but the network is flattened by compaction.

Sediment. - The specimens from the Beloveza Beds and Variegated Shales occur on the
soles of thin-bedded (4 cm), fine-grained, laminated sandstones. The specimens from the
Ciezkowice Sandstone occur in medium-grained, graded sandstones, 5 or 5.5 cm thick.

Occurrence. - Palaeocene-Lower Eocene - Variegated Shales: Lipnica Mala (the stream
Linorka). Lower Eocene - Beloveza Beds: Lipnica Mala (the main stream), Zubrzyca Gorna.

Paleodictyon regulare forma pleurodictyonoides n. f.
[pl. 29, fig. 1)

Diagnosis. - The bordering riblets are ellipsoidal in shape. In the specimen illustrated in
pI. 29, fig. 1 most of the bordering riblets are lenticulate. Their width is 2.5 mm on the average,
but some are 2.3, others even 4 mm wide; their height is 1.5 to 2 mm. The riblets are built
of a material distinctly coarser than that occurring on the sole between and beyond them.
The size of the meshes is uniform (table 17), their length varies within narrow limits (7 to 11 mm),
and 67 %of the meshes are 9 to 11 mm long. The meshes are hexagonal or pentagonal, slightly
elongated. The elongation is parallel to small flute casts and a ridge-and-furrow lineation.

Sediment. - Medium-grained sandstone, 6 cm thick, graded.
Occurrence. - Senonian - Sromowce Beds: Jaworki (the stream Skalski).

Paleodictyon majus MENEGHINI (in coIL?)
(pl, 28, fig. 8)

1879. Paleodlctyon majus MENEGHINI, DE STEFANI, p, 446 (neither figure nor description).
1880. Paleodictyon majus MENEGHIM, PERUZZI, p. 7, fig. 1.
Material: 8 specimens.

Description. - The width of the bordering riblets is on the average only slightly larger
than in P. carpathicum (1-1.5 mm). The size of the meshes varies, but most of them are longer
than 9 mm (table 17). The largest net covers an area of 540 ems,

Remarks. - There is neither description nor illustration in the paper of MENEGHINI and
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SAVI (1851), but both DE STEFANI (1879) and PERUZZI (1880) refer to M ENEGHINI as the author
of this form. Probably he determined it in a collection. In the first figure of P. majus given by
PERUZZI the dimensions of the meshes are 9 to 10 mm , as noted by VIALOV and GOLEV (1965,
p. 98), although PERUZZI gives the dimensions as 6 to 7 mm. VIALOV and GOLEV (1965) con­
sider this size as still corresponding to the upper size interval within the size limits of the
P. carpathicum meshes a nd th erefore these authors treat the specimen in PERUZZI'S fig. I as
Paleodictyon carpathicum var. majus. The specimen his fig. 2 the y regard as Pale odictyon
(Glenodictyon) maximum EICHWALD.

The Carpathian mat erial is too scanty to decide this question. In our specimens some of
the meshes are of a size within the limits proposed by VIALOV and GOLEV, but most are over
this size (table 17). Therefore it seems that Paleodictyon majus may be maintained as a separate
ichnospecies. Its mesh size is very much the same as in P. tauricum VIALOV and GOLEV, but
that type has much thicker riblets (1.5 to 1.8 mm is given as the lower limit).

Sediment. - Fine grained , thin-bedded (up to 15 cm) gradationally laminated or single­
current laminated sandstones. The nets occur mostly on flat surfaces, which in one case display
a distinct grain, in another ridge-and-furrow lineation. The elongation of the meshes is almost
at right angles to the orientation of the lineation. The net may also cover small flutes.

Occurrence. - Senonian - Skrzydlna Beds (?): Przenosza. Paleoccne-Lower Eocene­
Variegated Shales: Zaryte, Stara Wies - Lower Eocene - Beloveza Beds: Lipnica Mala,
Rabka (colI. H. ZAPALOWICZ), Lubomierz. Oligocene - Krosno Beds: Wujskie (a few meshes
of irregular shape).

Paleodictyon tellinii SACCO, 1888
(pI. 28, fig. 3)

1888. Paleodictyon tellinii S ACC. , S ACCO, p. 158, pl. I , figs 2, 3.
Material: 7 specimens.

Description. - Th e bordering riblets are very thin (mostly 0.5 mm) and low (0.2 to 0.3 mm).
The meshes are irregular , pentagonal or hexagonal , often elongated and of variable size. Most
of them are over 5 mm in Icngth , and several are 9 mm long (table 17). The network occurs
in one case in stripes on an even sole , in another in a depression between the flute casts, but
no intersection by flutes is visible, and the net seems to disappear before reaching the flute cast.

Remarks. - VIALOV and GOLEV (1965) regard this form as a variety of P. strozzii. Actually,
there is no difference in the width of the riblets, but the meshes are for the most part larger
than in P. strozzii (tables 16 and 17). The collected specimens correspond well with the de­
scription of SACCO (1888) who very precisely defined this type and pointed out the differences
between P. strozzii and P. tellinii.

Sediment. - Fine-grained, thin-bedded (3-7 cm) , graded or single current laminated sand­
stones.

Occurrence. - Berriasian - Cieszyn Limestone: Goleszow (the main quarry - pl. 12,
fig. 1). Senonian - Inoceramian Beds: Wara; Lower Istebna Beds (interbed of "fucoid marls"):
Czarnorzeki. Gorzeri Beds: Gorzeri Gorny. Ropianka Beds: Koninka, Grybow. Lower
Eocene - Ciezkowice Sandstone: Zn amirowice (cf.).

Paleodictyon aff. gom ezi AZPElTIA, 1933
(pI. 29, fig. 4)

1933. Paleodictyon Gomezi AZPElTIA n . sp., AZPEmA, p. 43, pl, 9, fig. 20.
Material: 1 specimen (found by S. DZULYNSKI during our joint excursion with Professor E. K. WALTON in 1957).

Description. - The specimen is fragmentary, but the shape of the meshes typical of Paleo­
dietyon is easily recognizable. The width of the riblets is 3 to 5 mm and their height 2-3 mm;
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th eir length ran ges from 30 to 40 mm . Th e maximum d iam eter of the mes hes is 60 to 70 mm.
Th e size of the meshes an d th e length of th e riblets co rrespon d well with th e types of

AZPEITI A, but th e width of th e ribl ets is much grea ter (in the specimen of AZPEITIA only 2.5 mm).
Sediment. - M ed ium -grained , hori zontall y laminat ed sands tone.
Occurrence. - Lower Eocene - Beloveza Beds: Sidzina..
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M . KSI t\ZKI EWICZ : 'm A CE FOSS I I.S 1"-: TH L F L YSC H OF TH E POLISH CAR PA T H IA:-;S

PL ATE I

I . .vtannnillichnis agger i., CHA~11l 1 /{L,\ I :'- . W ujsk ic, Kr osno Bed s. L'J T F 118. na t. size .

., Mammillichnis agger is CHA~I IlIRL.\I:'- . Lipnica M al a. Variegated S ha les, l! J TF 1117, nut s ilt: .

J. Bcrgaueria pra ntli n . iehn osp . G rzcc hyn ia , Hier oglyph ic Bed s. L;J 1'F 115, nat. s ize .

4. Bcrgaucria prantli n . ichnosp . W icr zb au uwa , Skrzydlna Bed s . L J TF 1178. nat. s i/e.

5. Bcrgaueria prantl i n. ichnosp . l.irnan owa , R o piunku Bed s. L J 1'1' S24. na t . size .

(, . Parurusoph vcus oblongus n. ichn osp. Lisz na . Hiero glyph ic Bt:ds. L;J TF 114, na t. s i/e.

7. Traucumichnis gla bcr n. ichnosp , Wara, In ocerarn ian Bed, . U.I TF 125, nat . s ize .

S. Arthro phycus annulatus n . ichnosp . Z namirowice , Ciezkow ice Sa nd stone, L .I 1'F 123, 0 .5 .

9. Arthrop hycus annulat us n . ichn osp , K rvywcz« , l noceram ian Beds, L'.1 1'F 1220. 0 .5 .

10. Arthroph ycu s annulatus n. ichnosp, G rodck , Ciezko wice Sand- tone, L!.1 1'F 122, 0.5.
11 . Arthrophycu s st rict us n, ich nosp , R zyk i, Lgo ta Bed s, UJ TF I J I. nat. s ize .

12. Arthrophycus strictus n. ichnosp , M szan a D olnu, R opian ka Bed s, UJ TF 124, na t. s ilt: ,

13-14. A rthrophycus dzu lynsk i! 11. ichn osp . I) .;hna . K rosn o Bed s. U.I 1'1' 177. nat. s izL' .
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M. KSlt\ZKI EWICZ : TR ACE FOSSILS IN T HE FLYSCH OF TH E POLISH CARPAT HIAN S

PLAT E 2

I. Phy codes aff. harlani (HAL.L) . Znamirowice, Ciczkowicc Sand stone, UJ TF 1590, nat. size.
2. Sabularia simplex n. ichnosp. Berest, Beloveza Beds, UJ TF 1477, x 0.5.
3. Sab ularia tenuis n. ichnosp. Wujskie, Krosno Beds, UJ TF 1687, na t. size.
4. Sabu laria rudis n. ichnosp. Kornancza, Hieroglyph ic Beds, UJ TF 1205, nat. size.
5. Fucusopsis angulata PALl BI N. Jawor ki, Ja rmuta Beds, UJ TF 93, x 0.5.
6. Fucusopsis annulata KSI t\ZKI EWICZ. Kam ionk a Wielka, Hieroglyphic Beds, UJ TF 1263, nat. size,
7. Fucusops is annulata KSI t\ZKI EWICZ, Zub rzyca Gorna, Bcloveza Beds, UJ TF 87, x 0.5.
8. Fucusopsis striata (HALL) . Gol esz6w, Cieszyn Limestone, UJ TF 94, x 0.5.
9. Planolites reineck i n. ichnosp. Wola Brzezinska, Ropian ka Beds, UJ TF 1015, nat. size.
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PLATE 3

I. Halymcnidium sublumbricoides (AZI'EITI A). Lipnica Mala, Bclovcza Beds, UJ T F 80" 0.5.
2. Halymenidium sublumbricoides (AZI'E ITIA). Daliowa, Hieroglyph ic Beds, UJ T F 1810, nat. size.
3. Halym enidium oraviense KSlflZKI EWICZ. Lipnica Mala, Belovcza Beds, UJ TF 62, nat. size.
4. Halymcnidium oravicnsc KSlflZKI EWICZ. Lipnica Mala , Belovcza Beds, UJ TF 61, nat. size.
5. Rhabdoglyphus grossheimi VASSOEVICB. Jaroszowice, Lower G odula Beds, UJ TF 82, na t. size.
6. Rhabdoglyphus calicifo rmis n. ich nosp . Wola Krogulccka, R opian ka Beds, UJ T F 1869, nat. size.
7. Rhabdoglyphu s spinosus n. ichn osp . Wicrzban owa , Skrzydln a Beds, UJ T F 1175, nat. size.
8. Rhabdo glyphu s spinosus n. ichn osp. Liman owa, Ro pian ka Beds, UJ TF 7 10, nat. size.
9. Rhahdo glyphus sulcatus n. ichn osp . Mszan a D olna, R opianka Beds, UJ TF 180, nat. size.

10. Rhabdoglyphus compositus n. ichnosp . Tabaszowa , Upper Istehna Beds, UJ TF 179, nat. size.
11 . Rhabdoglyphus calicifo rmis n. ichn osp . Godziszow, Cicszyn Limestone, UJ TF 182, nat. size.
12. Rhabdoglyphus caliciformis n. ichnosp. Golcszow, Cicszyn Limestone, UJ T F 181, nat. size.
13. Rhabdoglyph us aff', spinosus n. ichn osp . Wisla , Lower Godula Beds, (co il. J . BURTAN), nat. size.
14. Kcck ia annulata G LOCKER. Kroscicnko, Szczawnica, Ropia nka Beds, UJ TF 893, nat . size.
15. Keckia cf. hocssii (SrERNIIERG). Limanowa, Rop ianka Beds, UJ TF 833, nat. size.
16. Kcck ia hoessii (SrERN IIERG). Raciechowice, Grodziszcze Beds, UJ TF 1696.
17. Rhabdoglyphu s a0'. calicifo rmis n. ichn osp . D obra, H ieroglyph ic Beds, UJ TF 2018, nat. size.
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I. Chondritcs furca tus (BRO NG NIA RI). Golcszow, Cieszyn Limestone, UJ TF 145, nat. size.
2. Chondrites furca tus (BROSCSIAlU). Brod y, Lgot a Beds, UJ TF 1476. nat. size.
.I. Chondritcs cxpansus FISCIIFR-OOSTF R. Lubomierz, R opian kn Beds. UJ TF 147, . 0·5 .
4. Chondritcs flcsilis fI SCIILR-OOSITR. Lodzinka, Inoccrumian Beds, UJ TF 146, nat. size.
5. Chondritcs intricatus (BRosct' IAlnl. Rybot yczc. Siliceous Marl s, UJ T F 149, nat. size.
6. Chondrites acquulis Sruaxurxc . Wujskic, Kro sno Beds, UJ TF 15.1 . na t. size .
7. Chondritcs arbuscula FtSCII ER- OOSrFR. R ybotyczc, Siliceo us Marl s. UJ TF 150, nat. size.
8. Chondritcs filiformis FISCIIF R-OOSIr R. Grybow. R o pian ka Beds, UJ TF .193, nat . size.
9. Chondrites patulus FISCIIFR- OOSII R. Brzozo wicc, Kr osno Beds, UJ TF 1214, nat . size.

10. Cliondrites flexilis F1scII ER-Oos Tm . \Vola Brzczinska , R opianka Beds. UJ TF 1031, nut. size.
11. Chondritcs affinis (BROSCSIART). Ilia la Wyzna , Ropi ank a Beds. UJ TF 148, na t. size. .
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PL ATE 5

I. Taenidium isscli (SQUINABOL). G ry bo w, Ropian ka Beds, UJ TF 780, nat. s ize .
2. Tacnidium isscli (SQUI:-;AIIO L). Kal wari a Pacla ws ka , lnoccr a ruia n Beds, U J TF 1489, nat . size .

3. Taenidium fischeri l lun. Achmata , Caucasus Mts., "Ca rbo na te flysch " , Con iacia n, UJ TF 1694, na t. s ize .

4. Taenidium atutulatum (SCIIAFlIAUTL). G ryb o w, R o pian ka Bed s, U J T F 395, na t. s ize .
5. Bostricophyton pantencllii SQUI:-:AIlOL. Bial a W yzna , R o pianka Beds, UJ TF 398 , nat . size.

6. Lophoctcnium rum osutn (T o ui.x) . Lipnica W icl ka , Va rie gated Sha les, J TF 40 1, nat. s ize.

7. Lophoctcnium ralllOSU III (T OULA). Li rnan owa , Va riega ted Shal es, UJ T F 662, na t. size.

8. Lopltoctcnium a fT. ra1l1OS 1II1I (T OULA). R zc k i, l noccrarnian Beds, U J TF 399, nat . s ize.
9. Lophoctcnium afT. COIl /oSUIII R EI :"I!. Ri crrn .a iPhycosiphon inccrtum F ISCHER-O OSTER in th e lower par t of the figu re) .

Lipn ica M a la , Va riega ted Shales, UJ T F 1114, nat. size .
10. S trob ilorhaphc clavata KSIJ\ZKI EWICZ. Lipnica M a la , Bclov cza Beds, UJ TF !l8, nat. size.

11. Strobilorltaphe clavata KSIJ\ZKIEWICZ (i ntersec ting the so le linea tion ). F lorynka , Ropianka Beds, U J TF 91 3, nat. size .

12. St robilorhaphe pusilla KSIJ\ZKIEWICZ. Zubrzyca G orna , Beloveza Bed s, U J TF 90, nat. s ize .
13. Buthotrephis bilix n. ieh nosp. Po znachow icc, Grodzi szcze Beds, UJ TF 1311 , nat. size.

14. Buthotrcphis bifurcata n. ich nosp. Sid zin a, Belo veza Beds, U J TF 1383, :< 0 .5 .
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PL AT E 6

1. Lorenzinia atf', apennuuca G ABELLI. Lim anowa, R op ianka Beds, ZN G Cracow, A-I-52! 1.
2. Lorenzinia carpathica (Z UBER). Lipnica Mala, Variegat ed Shales, UJ TF 134.
3. Lorcnzinia carpathica (Z UBER). U nknown localit y. AG H (no t register ed).
4. Lorcnzinia aff', carpathica (Z UBER). Unknown localit y. AG H (no t registered ).
5. Lorenzinia carpathica (ZUIlER) . W ola Brzczin ska , R o pianka Beds, UJ T F 1030.
6. l.orenzinia carpathica (Z UIlER). Lirnan owa, Ropianka Beds, IG Wa rsaw, co il. W . SZAJ NOCHA.
7. Lorcnzinia carpathica (Z UIlER). Lipnica M al a , Va riega ted Sha les, UJ T F 871.
8. l.orcnzinia ku zniari n. ichnosp . Wisn icz, Lower Istebna Beds, ZNG Cracow, A- I-53! 1.
9. Lorenzinia per/ala K S1ftZKIEWICZ. Lipnica Mala , Va riega ted Shales, UJ TF 1103.

10. Lorenzinia per/ala KSlftZKIEWICZ. Li pnica M al a , Va riegat ed Shales, UJ TF 84.
11. Lorenzinia curticostata n. ichnosp . Lipn ica M ala , Va riega ted Shales, UJ T F 1365.
12. Lorenzinia moreae R ENZ. Lipnica M ala , Variegated Shales, UJ TF 134.
13. Lorenzinia moreae R ENZ. Siek ierczyna, R o pian ka Beds, UJ TF 2022.
14. Lorenzinia a fT. moreae R ENZ. Lipnica Mala , Var iegated Shales, UJ TF 85.
15. l.orenzinla afT. moreae R ENZ. Lipnica Mala, Variegat ed Sh ales, UJ TF 86.
16. Lorenzinia aff . moreae R ENZ. Lipnica Mala , Varieg a ted Sh ales, UJ TF 1109.

All figures na t. size
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I. Sublorcnzinia nowak i (KSL<\ZKIEWICZ). Morda rka, Ropiank a Beds, UJ T F 650, nat . size.
2. Sublorenzinia nowak i (KSI~ZK IEW ICZ) . Limanowa, Ropian ka Beds , UJ T F 659, x 0.5.
3. Sub lorenzinia nowak i (KSIt\ZKI EW ICZ). G olesz6w , C icszy n Lime stone, UJ TF 107, x 0.5.
4. Sublorenzinia pial/a KSI-\ZKIEWICZ. Porqbka , Lower Godula Beds, UJ TF 72, na t. size .
5. Sublorenzinia pial/a KSlt\ZKIEWICZ. Wisniowa, M iddle G odula Beds, UJ TF 1186, x 0.5.
6. Sub lorenzinia pial/a KSI-\ZKIEWICZ. Golesz6w, Cieszy n Limestone, UJ TF 98, x 0.5.
7. Sublorcnzinia pial/a KSI-\ZKI EWICZ. Poznachowice, Upper C ieszyn Sha les, UJ TF 1301, x 0.5.
8. Sub lorenz inia pial/a KSlt\ZKIEWICZ. R zyki near Wa dowicc, Lower Godula Beds, UJ TF 137, x 0.5.
9. Sub lorenzinia pustulosa n. ichnosp, Krasiczyn , Inocera mian Beds , UJ TF 129, x 0.5 .

ID. Sub lorenzinia pusilla n . ichn osp . Srornowce Wyzne , Srornowcc Beds, UJ TF 97, na t. size.
1I. Sublorcnzinia pusilla n . ichnosp. G rzech ynia , H ieroglyphic Beds, UJ T F 136, na t. size.
12. Capodistria vettcrsi VIALOV (a nd Bergaueria prantli n. ichn osp .). Jar oszow ice, Lower Godula Beds, UJ T F 96, nat.

size.
13. Capodistria vettcrsi VIA LOV. G rybow, Rop iank a Beds, UJ TF 109. x 0.5.
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I. Glockeria glocke ri K SIJ\Z KIEWI CZ. Wilam owice, Upp er Cieszyn Shales, UJ TF 110.
2. Gyropliyllit es kwa ssizensis G LOCKER. Istebna , Lower Iste bna Beds, UJ TF 106.
3. Glockcria parvule KSIJ\ZK IEW ICZ . Lipn ik near Myslcnice, Skrzydln a Beds, UJ TF 108.
4. Fascisichnium cx tentum K SIJ\ZKI EWI CZ. Lipnica Mala, Variegated Shales. UJ TF 1567.

All figures nat. size.
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PLAT E 9

I. Glock eria glocker! K SI" Z KIEW ICZ . Go leszow , Cieszyn Limestone, UJ T F 95.
2. Glockcria disordinata n. ichnosp. Kr zcszo w, Upper Istebna Beds, U.I TF 1735.
3. Glocke ria sparsicostutu KS I"ZK IEWICZ. Zawoja, R opi anka Beds, UJ TF 210.
4. Asterichnus all'. lawrcnccnsis B AND FL. R acicchowicc, Upper C ieszyn Sha les, U.I TF 79.

A ll figures nat . size.
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I. Zoo phycos insignis SQUI NAIlOL. Lipnica Wielk a , Ropiank a Beds, UJ TF 1430, x 0.5.
2. Zoo phycos brianteus M ASSALONGO. Huwniki, Ino cerami an Beds, UJ TF 927, x 0.5.
3. Zoophycos brianteus M ASSALONGO. Bienk owka, Ropi ank a Beds, UJ TF 83, x 0.5 .
4. Z oophycos indet. Zubrzyca Gorn a, Beloveza Beds, UJ TF 1431, x 0.5.
5. Z oophycos indet. Babica, Babi ca Clays, UJ TF 1603, nat. size.
6. Z oopliycos indet. Juszczyn, Hiero glyphic Beds, UJ TF 1634, x 0.5.
7. Z oophycos insignis SQUINABOL (lower surface). Komancza , Hiero glyphic Beds, UJ TF 1I92, nat. size.
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PLATE 11

I. Gyrochorte burtani n. ichnosp . Poznachowice, G rod ziszcze Beds, UJ TF 1475, .-: 0.5.
2. Gyrochorte burtani n. ichnosp. Debna, Kr osno Beds, UJ TF 687, nat. size.
3. Gyrochorte burtani n. ichnosp. Debna, Kr osno Beds, UJ TF 689, nat. size.
4. Gyrochorte burtani n. ichn osp. Wisniowa, Verovice Shales, UJ TF 1165, nat. size
5. Gyrochorte burtani n. ichnosp. Debn a, Krosno Beds, UJ TF 689, nat. size.
6. Gyrochorte imbricata n. ichnosp. G rod ek, C iezkowice Sandstone, AG H (not registered).
7. Gyrochorte imbricata n. ichn osp . Grodek , Ciezkowice Sand stone , UJ TF 175, nat. size.
8. Gyrochorte imbricata n. ichno sp . Grodek, Ciezkow ice Sand stone, UJ TF 176, nat . size.
9. Gyrochort e obliterata n. ichn osp. Lipnik nea r Myslcnice, Verovice Shales, UJ TF 127, nat. size.

10. Helicorhaphc tortili s KSI t\ZKlEWICZ. Lipnica M ala, Belovcza Beds, UJ TF 277, nat. size.
11. Oniscoidichnus carpathicus n. ichnosp. Lub omierz, Krosno Beds, UJ TF 1471, nat. size.
12. Scolicia prisca DE Q UATR EFAG ES, locomotion tra il. Zubrzyca Gorna, Beloveza Beds, UJ TF 626, x 0.5.
13. Naviculichnium marginatum n. ichnosp. Polr zeczki , Beloveza Beds, UJ TF 760, x 05.
14. Tubuli chnium inccrtum n. ichn osp. Wol a Brzezinska, Ropian ka Beds, UJ TF 1026, nat. size.
15. Tubulichnium incertum n. ichno sp. Bachow, Inoceramian Beds, UJ TF 938, nat. size.
16. Strobilorhaphc gla ndife r n. ichnosp. Jordanow, Hieroglyphic Beds, UJ TF 764, nat. size.
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PLATE 12

I . Hclmintliopsis tennis KSlljZK IEWICZ (in the upper left - Palcodic tyon tellinii Sacco). Golesz6w, Cieszyn Limestone,
UJ TF 1465, nat . size.

2. Helm inthopsis irregulari s SCIlAFIlA U1 L. Jawor ki, Sromowce Beds, UJ TF 132, x 0.5.
3. l lelmiuthopsis hicroglyphica HE[R. Sidzina, Beloveza Beds, UJ TF 1082, x 0.5.
4. Hclminthopsis hicrog lyphi ca H EER . Radoszycc, Krosno Beds, UJ TF 1320, nat. size.
5. Hclminthopsis abcli n. ichnosp. Poznachowice, Grodziszcze Beds, UJ TF 1321, x 0.5.
6. Helmin thopsis granulata KSlljZKIEWICZ. G oles z6w, Cics zyn Lime stone, UJ TF 224, nat. s ize.
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M . KS IAZKI EWI C Z : TRACE FOSSILS IN TH E FL YSCH OF TH E POLISH CA RPAT H IANS

PLATE 13

I . Muenstcria planicostata n. ichn osp , Porcba Wiclka , Rop ian ka Beds, UJ T F 1 3 .~ .

2. Muensteria genicula/a (STER NB ERG). H uwniki, Siliceou s Mar ls. UJ T F 1004.
3. Muensteria hamata FISCIIFR-OOSTER . Gr ybow, R opi an ka Bed s, UJ T F 154.
4. Tubcrculichnu s vagans n. ichnosp, Sid zina, Beloveza Beds. UJ T F 1036.
5. Tuberculichnus meandrinus n. ichnosp . Sid zina , Bclovcza Bed s, UJ T F 76.
6. Tuhcrculichnus meandrinus n. ichn osp , Huwniki, lnoccra mia n Bed s, UJ T F 9 17.
7. Tuberculichnus bulbosus n. ichn osp . Bcrcst, Va riegat ed Shales, UJ TF 851.

All figures x 0.5
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PLATE 14

I. S colicia vcrtcbralis n. ichn osp , Bachow , Inocera mia n Beds, UJ T F 1478, :, 0 .5.
~ Scolicia plana KSI-\ZKIEWICZ. Full burrow form . Jawo rki, Skalsk i strea m, UJ TF 498, x 0.5.
3. S colicia plana KSI-\ZKIEWICZ. Loc omotion tr ail form. Srornowcc Wyzne, Srornowcc Beds, UJ TF 585. x 0.5.
4. Sco licia pial/a KSI-\ZKI EWICZ. Locom otion trai l form. Rzyk i near Wadowicc, UJ TF 621. x 0.5.
5. Scolicia p ial/a KSI-\ZKI EWICZ. Szaflar y, Srornowce Beds, UJ TF 501, nat . size.
6. S colicia vertebralis n. ichnosp. Bach ow, ln ocer arni an Bed s. UJ TF 1478. nat . size.
7. Scolicia p ial/a KSI-\ZKI lW ICZ. Locom ot ion trail fo rm. Lqczki Ku char skic , Inoceramian Bed s, UJ TF 620, x 0.5.
8. Scolicia prism DE QVATREFAGES. Full bur row for m. Ju szczyn , HIeroglyph ic Beds. UJ TF 631, x 0.5 .
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P LATE 15

I. Subphyllochorda striata KSIt~Z KI EWICZ . Lubomierz, Beloveza Beds, UJ TF 135, na t. size.
2. Su bphyllochorda rudis n. ichnos p. Przenosza, Skrzydlna Beds, UJ TF 1211, x 0.5.
3. Subpltyllochorda granu late K Slf\ Z KI EWIC Z . Hypichn ial full burrow and hypichn ial furr ow. Lubomicrz, Beloveza Beds,

UJ TF 143, x 0.5.
4. Sub phyllo chorda indet. Upper surface of the burrow. UJ TF 1358, x 0.5.
5. Sub phyllocliorda gra nulata K SIf\ Z KI EWI C Z . Lipnica Wielka, Beloveza Beds, UJ TF 1542, na t. size.
6. Sco licia prisca DE QUATREFAGES. Full burrow form ; in the part in which the burrow filling is removed, a Scolicia-type

trai l is seen. Zawoja , the stre am Konskie, Hieroglyphic Beds, UJ TF 1565, nat . size.
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PLAT E 16

I. Subphyllochorda laevis KsI~ZK IEWICZ . Rzyk i near Wadowice, Lgota Beds, UJ TF 1548, nat. size.
2. Subphyllochorda laevis KSI~ZK I EWICZ . Kroscienk o on the r iver St rwiqz, Krosno Beds, UJ TF 865, x 0.5.
3. Subphyllochorda laevis KSI~ZKI EWICZ . M szana D oln a, the stream on the slo pe of Mt. Lubogoszcz, Ropianka Bed s,

UJ T F 1101 , x 0.5.
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PLATE 17

I . Taphrhelminthopsis auricularis SACCO. Lipnica Mala, Beloveza Beds, UJ TF 872.
2. Taphrhelminthopsis auricularis SACCO. Bcrcst, Beloveza Beds, UJ TF 785.
3. Tapltrhelminthopsis auricularis SACCO. Limanowa, Variegated Shales, UJ TF 649.
4. Taphrhclminth opsis vagans n. ichn osp. Lqczki K ucha rskie, Inoceramian Beds, UJ TF 533.
5. Taphrhelminthopsis vagans n. ichnosp. Sidzina, Beloveza Beds, UJ TF 869.
6. Taphrhclminthopsis recta SACCO. Zubr zyca Gorna, Magura Sandstone, UJ TF 870.
7. Taphrhelminthopsis indet. , proba bly T. vagans. Endrchnial full burrow for m. Grzechynia, Magura Sand stone, UJ TF

1207.
All figures ~ 0.5
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PLATE 18

I. Spir orhaphe iIlVO/IlIa (D E S n F,\ :-:I). G rodck , Ciczko wicc, UJ TF 1519, :< 0 .5.
2. Spirorhaphc involuta ( DE S TEFA :-II). Grodck , C iczkowice Sandstone, UJ TF 552, -. 0 .5.
3. Spirorhaplte zumayensis (LLARE NA). Kroscicnk o 0 11 the rive r D unajec, Szczawn ica Beds, UJ TF 212, na t. s ize .
4. Sp irophycus bicornis (I-l EE R). Lctow nia G 6rna, Bcloveza Beds, UJ TF 208 , na t. size .
5. Sn irophycn s bicornis (HEER). Zaw oja , Hieroglyphic Beds, UJ TF 205, x 0.5.
6. Spirophycus caprinus (HEER) . Le tow nia Gorna , Beloveza Beds, UJ TF 193, na t. size .
7. Spirophycu s caprinus ( HEER). Let ownia Gorna, Beloveza Beds, UJ TF 8 1, na t. s ize.
8. Spirophycus involut issimus (SAC("O) . Zawoja , Hier oglyphic Beds, UJ TF 196, na t. size.
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PLATE 19

I. Cosmorhaphe gracilis n. ichnosp. K o bielnik , Szydl owicc Beds, UJ TF 1162, nat . s ize.

2. Cosmorhaphe gracilis n. iehnosp. Grodck , Ci ezko wicc Sandstone . UJ TF 9 1, nat . size.
3. Cosmorhaphc sinuosa (A ZPEITIA). Lipnica W ielka , Var iega ted Sh a les, UJ TF 244, x 0. 5.

4. Cosmo rhaphe sinuosa (A ZPEITJA). Szczcpa nowicc, Inoccrarnian Beds, UJ TF 75, x 0 .5.

5. Cosmorhaphe sinuosa (A ZPEITIA). Lipnica W ielk a , Variegated Sh ales, U J TF 74, x 0 .5.
6. Cosmo rhaphe helminth opsoidea n . ichnosp. Let ownia G orna , Bclovcza Beds, UJ TF 77, x 0 .5.

7. Cosmorhaphc fuch si KSIJ\ZKJ EWICZ. Z ubrzyca G o rna , Lqcko Beds, LJ J TF 243, x 0 .5.

8. Helminth oida aculeata n . ichnosp . Szczawa , the strea m Gl eb icn icc, Bc lovcza Bed s, UJ TF 1360 , nat. size.

9. Cosmorhaphei Ti tortuosa K SIJ\ZKJ EWICZ. G orl iee area ? R o pianka Beds ? AG H no t (reg istered), nat. s ize.
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PLAT E 20

I. Cochlichnus afl', anguincu s HITCHcoc K. Kom aricza, H iero glyph ic Beds, UJ TF 1230, nat. size.
2. Helminthoida altcrna n. ich nosp. Bcrcst , Bclovcza Beds, UJ TF 843, x 0.5.
3. Helminthoida helminthopsoidea SACCO. Le to wnia Gorna , Belovcza Bed s, UJ TF 339, nat. size .
4. Cordia molassica CH EER). Kom aricza , H ier oglyph ic Beds, UJ TF 1/ 84, nat. size.
5. Cordia molassica CHEER). H uwniki, In ocera mia n Beds, UJ TF 1197, nat. s ize.
6. Cordia molassica CHEER). Skr zydln a , Krosno Beds, UJ TF 245, na t. size.
7. Cordia molassica CHEER). Ju szczyn , Hieroglyphic Beds, UJ TF 1249, na t. size.
8. Cordia arcuata n. ichnosp. Wetli na, K ro sno Beds, UJ TF 12/ 9, nat , size .
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PLATE 21

I. Helminth oida labyrinth ica H EER. Lipnica M ala. Ropian ka Beds. UJ TF 236. nat. size.
2. Helminthoida serrata n. ichn osp . Bicnk owka, Ropianka Bed s. UJ TF 105. x 0.5.
3. Helminthoida crassa SCIlAl'IIA UTL. Biala Wy zna , Ropianka Beds. UJ TF 99. nat. size.
4. Helminthoida crassa SCIlAFHAUTL. Srornowce Wyzne, Srornowcc Beds . UJ TF 103. x 0.5.

5. Helminthoida crassa SCIIAFHAUTL. D zwiniacz D olny, Krosno Bed s. UJ TF 1362. x 0.5 .
6. Helminthoido crassa SCIIAFHAUTL. K roscienk o on the river Dunajcc , Szczawn ica Bed s. UJ TF 750, nat. s ize.
7. Helminth oida crassa SCIIAFHAUTL. Diwiniacz D oln y, K rosno Beds, UJ TF 136[ . x 0.5.
8. Hclminthoida crassa SCHAFHAUTL. Zn arn irowice, C iezkowice Sandstone, UJ TF 104. X 0.5 .
9. Helminthoida helminthopso idea SACCO. Sidzina, Beloveza Bed s. UJ TF 102, x 0.5 .

10. Helminthoida miocenica SACCO. Gorzen Gomy, G orzcn Bed s. UJ TF 1403, nat. size
11. Helminth oida miocenica SACCO. D zwini acz D olny , K rosno Beds . UJ TF 7 14. x 0.5..
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PLAT E 22

I. Taphrhelminthoida convolute n. ichnosp. Hcrest, Beloveza Beds, UJ TF 813, x 0.5.
2. Taphrhelminthoida plana K S1'lZ KIEWI CZ. Zubrzyca G6 rna, the hamlet Oehlip6w, UJ TF 1367, x 0.5.
3. Taphrhelminthoida pial/a KS1'l ZK IEW ICZ. Zubrzyca G6 rna, the hamlet Ochlip6w, UJ TF 1369, x 0.5.
4. Paleomeandron rude P ERUZZ I. Budzow, the stream Drozdzina, Hierog lyphic Beds, UJ TF 218, nat. size.
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PLAT E 23

I. Paleomeandron elegans P ERUZ Z I. Lipnica Mala, Ropian ka Beds, UJ TF 220, nat. size.
2. Palcomeandron I'IIde P ERUZ Z I. Grzechynia, Hieroglyph ic Beds, UJ TF 138, nat . size.
3. Paleomeandron robustum K S" 'lZ KIEWI CZ . Lipnica Mala, Beloveza Beds, UJ TF 231, nat. size.
4. Helicolithus sampelayo i A Z I' EITIA. Homrzyska, Magura Sandstone, UJ TF 227, nat. size.
5. Tapltrhelminthoida convoluta n. ichnosp. Lipnica Wielka, Bclovcza Beds, UJ TF 11 7, x 0·5.
6. Acanthorliaphc inccrta K SI-\ Z KIEW ICZ . Golesz6w, Cieszyn Limestone, UJ T F 1441, nat. size.
7. A canthorhaphe incerta K SI-\Z KIEW ICZ. Golesz6w, Cieszyn Limestone, UJ TF 1441 (the same slab as fig. 6), nat. size.
8. Acanthorhaphe dclicatula n. ichn osp. Biala Wyzna, R opian ka Beds, UJ TF 972, nat. size.
9. Acantho rltaphc delicatula n. ichnosp. Lipnica Mala, Belovcza Beds, UJ TF 1322, nat. size.

10. Acanthorhaphc delicatula n. ichnosp. Grybow, Ropianka Beds, UJ TF 1364, nat. size.
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PLATE 24

I. Belorhaphe zickzack ( HEER). Jaroszowice, Upper Cieszyn Shales, UJ TF 119, x 0.5.
2. Belorhaphe fabregae (AZPEITIA). Zubrzyca Gorna, the hamlet Moniak6w, Lacko Beds, UJ TF 1442, nat. size.
3. Protopaleodictyon incompositum KSIJ\ZKI EWICZ. Osielec, Hieroglyphic Beds, UJ TF 1484, nat. size.
4. Protopalcodictyon incompositum KSIJ\ZKIEWICZ. Osielec, Mt. Przykrzec, Hieroglyphic Beds, UJ TF 130, nat . size.
5. Protopaleodictyon minutum n. ichnosp. Marc6wka, Magura Sandstone, UJ TF 121, nat . size.
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PLAT E 25

I . Pro t opa lcodictyon ,1II !J/l/OlI/a l/ lI /1/ (A ZI'UTI A) , Tok arn in. H ieroglyp hic Beds , UJ TF 793 , x 0.5.
2. Prot opalcodictyon SII!J l/lOlI/lI l/ lI /1/ (AZI'EITI A) . Lipnica M ala , Bclovcza Beds. UJ TF 388, x 0.5.
3. Protopaleodict yon SII!J IlIOII/(// III /1/ (A Z I' ElTI A) . Lipniea W iclka , Bclovc za Beds, L'J TF 80 , Y 0.5 .
4 , Protopaleodictyo n submontanu m (A ZI' UTIA) . Lipowc, Var iega ted Shales, UJ TF 640, x a,s.
5. Protop ale odictyo n submo ntanum (AZ I'I.I1I A) , Lipowc . Vari ega ted Sha les, UJ TF 657, nat. size.
6. Megagrap lol/ irrcgularc K SI!l Z KI I.\\'I C Z , Berc st , Belovc za Beds, UJ TF 809, x 0.5.
7. Megagrapton irregula re K SI!l Z KIEW IC Z . Zu brzyca Gorna, Bcloveza Bed s, UJ TF 387, x 0.5.
8. M egagrapton irregu lare KSI!l ZKI EWI C Z , M yslcc, Lqcko Beds, L'J TF 985, x 0.5.
9. M egagrapton all'. irregula rc K SI!lZ KI LW I( r : B iczycc, Variega ted Sha les, UJ TF 1873, >. 0 .5.

10. M ciragrapton tenue K SI!lZK IE\ \ ' ICZ . G OIeSZ(lW, C ieszy n Limeston e, UJ TF 39 1, nat . size.
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PL AT E 2(,

I. Urohclm inthoida apprndiculata (H I.I u ). Grybow, Ro pia nka Beds, UJ TF 120, ' 0.5.

2. Urohclminthoida appcndiculat« ( H HR) . Lipn ica Wielk a , th e hamlet K iczora , Ropianku Beds, UJ TF 1592 , na t. size .
3. Urohelmin tho ida appcndiculuta (H UR l. A round th e terminat io n a sma ll Drsmogropton , Lip nica Wi clk a, th e hamlet

Kiczo ra. R opian ka Bed s. UJ T F 1591 . na t. size.

4. Urohclminthoida dcrtoncnsis SACCO. K roscicn ko o n the rive r D un ajcc, Szcza wni ca Beds. UJ TF 1599, na t. size .

5. Urohclmintltoida dertonensis SACCO. Osiclcc, Belovcza Bed s. UJ TF 141. nat , size.
b . Urohelminthoida all. dcrtoncnsis SACCO. Zn a mirowi ce , C iczkow icc Sa nd stone. UJ TF 144, nat. size.
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I'L \l 1: 27

I. Paleodictyon minutissimum KS I~ZKIEW ICZ. Sid zin a , the st rea m Karnicnsk i, Bel oveza Beds. UJ TF 155.

, Paleodictyon minutlssinuun KSli\ZKIEWICZ. Sid zina , the st rea m Kamicnski, Beloveza Beds. UJ TF 89 .

J . Pale odictyon minimum Sx c c o . Lipnica Mala , Bcloveza Bed s. UJ TF 3 17.
4. Paleodictyon minimum Sx c co . Li pnica Wi elka , Bclove za Bed s, UJ T F 168.

5. Paleodictyon 10 l UIII VIALOV et G OLEV. Z ub rzyca Wi elka, hamlet Ochlipow, UJ TF 172.

O. Paleodictyon minimum SACCO. Sromowce W yznc, th e st rea m Limba rgow y, Sromowce Beds. UJ TF Ill .
7. Paleodictyon minimum S,\( '(' o. Berest , Be love za Beds, UJ T F 894.

8. Paleodictyon intcrmcdium KSI,o\ZKIEWICZ. Wi sn iow a , Grod ziszcze Beds, UJ T F 1172.

9. Paleodictyon intennedium KSIi\ZKIEWICZ. Sromowce W yznc, Sromow ce Beds, UJ TF 67 .

10. Paleodictyon strozz ii M ENEGIlINI. Jawork i, Sr omow ce Bed s. UJ TF 330.

11. Palcodictyon mioccnicum SACCO. Lipn ica M al a , Beloveza Bed s, U J TF 64.
12. Paleodictyo n miocenicum Sxc co . M szana D olna , R o pian ka Beds, UJ T F 1259.

13. Paleodictyon miocenicum SACCO. M yrnon, Krosn o Beds, UJ TF 83 5.
14. Paleodictyon miocenicum SACCO (covering a flute cast) . M yrno n, Krosn o Beds, UJ T F 835 (the sa me sla b as Fig. 13).

IS . Paleodictyon intcrmedium fo rm a punctata n. f. Zna miro wice , C iezkowice Sa ndsto ne , U J TF 101.

16. Paleodictyon miocenicum form a pleurodictyo noides n . f. Przcn osza, Skrzyd lna Beds, UJ T F 1668.
17. Paleodictyon intermedium fo rm a punctata n. f. Zn am irowicc , Ci ezk owi cc Sandstone, U J TF 78.

18. Palcodictyon miocenicum fo rm a punctata n. f. K ameszn ica , the strea m Janoska, Hieroglyphic Beds, UJ TF

1828.
19. Paleodictyon miocenicum forma punctata n. f. K ameszn ica, the st rea m Janoska , H ieroglyphic Beds, U J TF

1827.
All figures na t. size
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PLATE 28

I. Pale odictyon strozzii M ENEGHI NI. Lipnica Wielk a, R opi an ka Beds, UJ TF 1102.
2. Paleodictyon strozzii M ENEGIIINI. Osielec , Mt. Przykr zec, Hieroglyph ic Beds, UJ TF 157.
3. Paleodictyon tellinii SACCO. Koninka, Ropianka Beds, UJ TF 188.
4 . Palcodictyon carpathicum M A1YASOVSZKY. Lubomierz, Beloveza Beds, UJ TF 158.
5. Paleodictyo n carpathicum M A1YASOVSZKY. Lubomi erz, Variegat ed Shales (coIl. J . BURTAN).
6. Paleodictyon regulat e SACCO. Zubrzyca Gorna, Beloveza Beds, UJ TF 167.
7. Palcodictyo n regulate SACCO. Zn amirowice, Ciezkow ice San dston e, UJ TF 104.
8. Paleodictyon majus M ENEGHlNI. Lipn ica Mala, Belove za Beds, UJ TF 186.

All figures nat. size
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PLATE 29

I . Paleodictyon regu larc forma plcurodictyo noides n . r. Jaworki, t he strea m Skalski , Sromowce Bds, UJ TF 92.
2. Paleodictyon regulare SACCO. Znam irowice, Ciczkowi cc Sandstone. UJ TF 112.
3. Pateodictyon regulate SACCO. Z nam irowi ce, Cie zkowicc Sandstone, UJ TF 113.
4. Palcodictyon afT. gomezi AZ PEITIA . Sidzina , Bclovcza Beds, UJ TF 2005.
5. Desmograpton fuchsi n. ich nosp. Lipnica W ielka , the haml et Kiczora , Ropianka Beds, UJ T F 111 9.

All figu res nat . size
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ERRATA

Line
Page

top Ifrom bottom
For Read

from

12 I stru ctur structure
40 I paringly sparingly
46 26 nter sected intersected
75 21 uppe, upper

22 ar at
81 33 runiformly uniformly

34 ar tanged arranged
114 8 or of
129 15 shahpc shape

16 ceraracteri stic characteristi
17 laeral lateral

205 12 affn is affinis
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