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Abstract. — Description is given of the Upper Cambrian trilobite ichnocoenosis,
i.e. a trace assemblage of the various life activities of trilobites, from the shallow-
-water marine deposits at Wielka Wiéniowka in the Holy Cross Mountains
(Goéry Swietokrzyskie). These traces occur either on the upper sides of layers
(true traces) or on the lower sides of layers covering grooves made by trilobites
on the sea bottom (sole markings = hieroglyphs). Hieroglyphs are the more com-
mon forms, Out of them, Rusophycus sp,, Cruziana sp., Diplichnites sp. and Di-
morphichnus sp. have been described in greater detail. Bergaueria perata Pranti
and Diplocraterion sp. hieroglyphs are also encountered in the trilobite ichno-
coenosis here reported,

INTRODUCTION

The aim of the present paper is to discuss the various types of tra-
ces, presumably made by trilobites, in the Upper Cambrian sediments of
the Holy Cross Mountains. Among other places, these deposits crop out
in a big quarry at Wielka Wisniéwka near Kielce (western part of the
Holy Cross Mountains), and all the material described below was obtain-
ed from that site. Other problems discussed here concern the trilobite
mode of life, rest and locomotion on the sea floor, alsc the conditions
that favour the preservation of trilobite traces in the sediments.

The sedimentology of the Upper Cambrian series cropping out in
the Wielka Wisniéwka quarry has previously been investigated by Dzu-
tynski and Zak (1960), as well as by the present writers (Radwanski &
Roniewicz, 1960). These investigations permit to reconstruct the out-
standing features of the environment under which the sediments were
formed. The data obtained have been useful in the present discussion
of the life conditions of trilobites.

The material was collected at Wielka Wisniowka between 1959 and
1962. A short chapter dealing with trilobite traces is contained in a pa-
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per published by the writers (Radwanski & Roniewicz, 1960). An acknow-
ledgement is here due to Professor Dr. A. Seilacher of the Georg August
University in Gottingen, Germany, for his kind readiness to carry on an
exchange of correspondence with the writers. His letters contained most
valuable information, suggestions and comments for which the writers
here convey their most sincere thanks. They also thank Dr. Z. Kotanski
for the permission to use a photograph published in his “Geoloclcal
Guide to the Holy Cross Mountains” (1959).

REVIEW OF PREVIOUS INVESTIGATIONS OF TRILOBITE TRACES

The various types of traces in the sediments, commonly referred
to trilobites, are reported from the Cambrian to the Devonian — the
periods of the greatest flourishing of trilobites. The basic data concer-
ning the trilobite traces were given by Abei (1935) and Lessertisseur
(1955). Many valuable suggestions concerning the interpretation of these
structures have been also given by Richter (1919, 1920) and Seilacher
(1959) who deal with the trilobite mode of life, and by Henningsmoen
(1957) with regard to the life conditions of the Olenidae.

Holm (1887) was the first to carry out detailed investigations of the
trilobite traces encountered in Cambrian rocks. He concerned himself
with structures of the Cruziana type from Ostergdtland in Sweden.
These traces occur within a rock series which Holm assigned to the
Upper Cambrian, but whose Ordovician age was proved by Westergéard
(1922). In 1937 Fenton and Fenton when describing the traces from the
Lower Cambrian of Alberta, Canada, postulated that their origin was
due to trilobites burrowing in search for food or for the laying of eggs
(trilobite “nests”). The most important work on trilobite traces which
contained very suggestive reconstructions is that by Seilacher (in Schin-
dewolf & Seilacher, 1955). It is based on excellently preserved material
from the Lower Cambrian of the Salt Range in Pakistan. In a number
of other papers Seilacher (1956, 1959, 1960) published some information
on various trilobite traces, their mode of occurrence, geographic range
and stratigraphic distribution.

From the Lower Devinian Hunsriick Shales, in the Rhineland, Sei-
lacher (1962) recently described characteristic tracks closely comparable
with the claws and appendage setae of the trilobite genus Phacops, preser-
ved within the same series with these details.

In the Holy Cross Mountains the traces of the Cruziana type were
encountered by Czarnocki and Samsonowicz in various Cambrian stages,
and were mentioned in several papers (cited by Radwanski and Ronie-
wicz, 1960). No trilobite traces have been discovered at Wielka Wisniow-
ka until quite lately (Dzulynski & Zak, 1960; Radwanski & Roniewicz,
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1950). Dzulynhski and Zak mention the presence of Crossochorda, Ruso-
phycus and Diplichnites, Radwanski and Roniewicz — of Rhysophycus
and Cruziana.

TRILOBITE ICHNOCOENOSIS FROM WIELKA WISNIOWKA

The term ichnocoenosis (Davitasvili, 1945) means an assemblage of
various traces imprinted by animals in the sediment or on its surface.
They may represent traces of crawling or burrowing, tracks or faecales
(coprolites) of animals which lived in the sediment or moved on its
surface.

Davitagvili uses the term ichnocoenosis only with reference to re-
cent assemblages. Any organic assemblage, i.e. a coenosis, buried in the
sediment, is referred to by that author as taphocoenosis (W. Quen-
stedt’s definition; 1927, fide Davitasvili, 1945). In past condition the
taphocoenosis is preserved incompletely as an assemblage called the
orictocoenosis (Jefremov, 1945, in Davita§vili, 1945).

Since the term orictocoenosis implies merely a very general mean-
ing applicable to any fossil organic material, the writers use the term
ichnocoenosis when discussing the Upper Cambrian traces from Wielka
Wisniéwka. Moreover, an attempt is made to discuss the assemblage
here described not as the fossil remains of another assemblage but as
it actually existed in the Upper Cambrian sea.

Owing to their characteristic shapes, relatively large dimensions and
satisfactory state of preservation, the trilobite traces are of greatest
importance within the Wielka Wisniéwka ichnocoenosis. Hence, the
assemblage here studied is called the trilobite ichnocoenosis.

SEDIMENTARY ENVIRONMENT

General features of the sediments

The Upper Cambrian sedimentary series at Wielka Wisnidéwka,
containing the trilobite ichnocoenosis, consists of interbedded quartzitic
sandstones, siltstones, claystones and clays (fragment of outcrop, pl. I).

The thickness of the individual sandstone layers ranges from a few
to several tens of centimetres. Layers from 3 to 5 ¢m in thickness pre-
dominate, those up to and over 1 m in thickness are less frequent. The
sandstones are fine-grained and equigranular; they contain admixtures
of silt and clay fractions, also muscovite flakes which are concentrated
mostly on the upperside of layers. According to Czerminski (1959), the
clastic material of this series had experienced a long transport or even
many-times repeated redeposition.

ii Acta Palaeontologica Nr 2/63
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The deposits are white or bluish-grey, becoming darker and darker,
with the decrease of the fraction. The clays are variously coloured.
Some are bluish-grey, others completely black — owing to organic
admixtures, whitish-variegated, even cherry-red — owing to ferric
oxides. The results of thermic analyses obtained by B. Larsen of Copen-
hagen (unpublished data) show that illite is the chief constituent of the
clays, while chlorite and kaolinite occur in minor quantities (Czermin-
ski, 1659).

The silification of the sandstone layers was paenecontemporaneous,
while the silica was most likely of terrigenic origin.

Bathymetric conditions

The bathymetric conditions of the sea basin which accompanied
the formation of the discussed series, may be determined on the charac-
ter of the extremely numerous and diverse ripple marks detectable on
most of the sandy layers. The shallow-sea sedimentation of this series,
within a zone under the continuous influence of the sca waves and of
bottom currents, is indicated by the assemblage of many-times repeat-
ed and even coexisting ripple marks. These are symmetrical and asym-
metrical oscillation ripples, metaripples, compound-, linguoid- and
current ripple marks, associated with numerous bifurcated crests of
oscillation ripple marks and various current structures. The depth of
the basin may be estimated at from a score or so to several tens of
metres. This agrees with the depth values given by Dzulynski and Zak
(1960).

Bottom morphology

The character of sediments suggests that the floor of the basin was
generally flat, and that its ups and downs, mainly connected with the
thick, often rapidly thinning layers, were of a local character. The ab-
sence of offshore and beach structures, and the palaeogeographic posi-
tion of the Upper Cambrian strata in the Holy Cross Mountains indicate
that this region was situated at some distance from the sea shores which
generally stretched south of the present Holy Cross Mountains arez.

Layers up to 30 cm in thickness, displaying current bedding con-
nected with ripple marks, consist of material that was deposited by
currents during the rhythmic transportation phase (Dzulynski & Zak,
1960). Thicker, structureless layers, with their upper surface washed
out, often contain shale lumps and fragments of shale sets torn out
from the bottem. These layers were formed in result of rapid storm
currents whose velocity characterizes the regressive sand wave phase
(Dzutynski & Zak, 1960).
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The sediments laid down by currents of various speed were rather
stable and they were not subjected to any major disturbance except
those connected with compaction and local loading. The slip and slump
structures are associated with thicker layers. Their formation resulted
from a local disturbance in the equilibrium of thicker sediments.

TRILOBITE LIFE CONDITIONS

The conditions of the trilobites’ life in the Upper Cambrian sea here
considered can be discussed only on very general outlines, as the con-
ditions of the whole sedimentary environment. The light colour of most
sediments and the presence of sedimentary structures formed by the
action of waves indicate clear and well ventilated waters, and rapid
decay of organic remains. The comparatively small depth of the basin
favoured sufficient light penetration. The sea floor, covered with sand,
silt or clay, was more stable than quaggy. Periods of deposition of the
particular layers alternated with intervening periods without sedimen-
tation, associated only with the action of waves.

CAUSES OF LACK OF TRILOBITE REMAINS

No trilobite exoskeleton remains, their counterparts or imprints
have so far been o¢btained from Wielka Wisniéwka sediments, except
for a single imprint (in the collection of Dr. S. Orlowski). This lack may
be reasonably explained by the fact that trilobites could not be buried
alife in the sea sands, since, being rather agile forms, they were able
easily to withdraw from the layer that was being deposited. The soft
parts of the dead trilobite bodies decayed rapidly, while their exoskele-
tons, as well as the moults could not be preserved under the prevailing
conditions, being swept away by waves and currents before the deposi-
tion of the material. A similar situation, i.e. lack of trilobite remains
in spite of the characteristic ichnocoenosis left by these animals, also
prevails in Cambrian sediments throughout the world. This will seem
quite cbvious on consideration that sediments containing such ichnocoe-
noses were formed under similar facial conditions (Fenton & Fenton,
1937; Seilacher, 1955),

TRILOBITE TRACES

Occurrence sites

The traces here discussed occur on the surfaces of sandy or silty
layers and on lamination planes of very fine-grained siltstones, clay-
stones and clays.

11*
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Types of traces

Two types of traces are generally recognized, namely: 1) traces on
the upper side of layers, 2) traces on the under side of layevts. The for-
mer are the true traces imprinted by the animals; in most cases they
occur as grooves. Of this type the writers have found one rest trace
on the surface of a sandstone layer, and a score or so of crawling traces
on the lamination planes of fine-grained siltstones and claystones. The
second type occurs as hieroglyphs formed by the burying of the grooves
that were imprinted by the animal on the sediment. These forms bear
the character of mounds on the underside of the layer that covers up the
true trace. Of this type. the writers have found such forms as Rusophy-
cus Hall, 1852, Cruziana d'Orbigny, 1842, Diplichnites Dawson, 1873,
Dimorphichnus Seilacher, 1955, and other forms.

Hieroglyphs are distinctly the predominant  form within the ichno-
coenosis here considered. Their characteristics will be described in de-
tail. True traces are extremely rare.

A general classification of all the traces is given in tabie below.

Nomenclature of traces of various life activities of trilobites and their position on
the sides of layers

Traces of {rilobite life activities

Upper sides of layers | Lower sides of layers

(sea bottom) covering the sea bottom
Grooves Hieroglyphs*
(true traces) | (counterparts of grooves)
, Rest traces Hieroglyphs of rest traces:

| Rusophycus Hall, 1852

Traces of changing the rest places Hieroglyphs of the traces of chan-
ging the rest places

\Traces of movements along the Track hieroglyphs

bottom or just above it = tracks

1) Crawling traces along the bottom | 1) Hieroglyphs of crawling traces:
! and its digging up Cruziana d’Orbigny, 1842

| 2) Traces of striding on the bottom | 2) Hieroglyphs of the traces of stri-
| ding: Diplichnites Dawson, 1873

3) Traces of sideway movement 3) Hieroglyphs of the traces of side-
way movement:  Dimorphichnus |
Seilacher, 1955

* Undeformed structures and load-cassed hieroglyphs — forms partly obliterated owing
to loading processes.
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Conditions of preservation of traces in sediments

A trace may persist only if the sediment surrounding it is sufficien-
tly consolidated so that the groove burrowed by the animal is not filled
up again by the loose material. In the environment here considered
clayey sediment satisfied this prerequisite, while sand was loose enough
to cause a rapid burying of grooves made by trilobites. Along with suf-
ficient consolidation the qualitative differences of the sediment overly-
ing the traces is an additional prerequisite for their preservation. Hence,
the best preserved traces are hieroglyphs on the underside of sandy
layers that covered up the grooves marked on the upper side of a c¢layey
sediment. When a clayey, trace-bearing bottom became covered up by
a clay layer subsequent processes of compaction and diagenesis almosl
completely obliterated the buried traces, so as to make them barely de-
tectable. A similar situation occurred in the case cf two consecutive
sandy layers.

TRILOBITE HIEROGLYPHS IN THE ICHNOCOENOSIS
HIEROGLYPHS OF REST TRACES
Rusophycus Hall, 1852

Material. — The Rusophycus Hall (=Rhysophycus Eichw.) hiero-
glyphs are the most common constituent of ichnocoenosis. About 40 well
preserved specimens were collected by the writers, while at least 50
more forms, not so well preserved or even partly damaged, were obtain-
ed from the outcrop.

Description. — Hieroglyphs of the Rusophycus type are generally
shaped like a two-lobed mound, divided by a depression. Imprints of
trilobite segments, pygidium and small pygidial spine (pl. II) are often
preserved within the depression. The hieroglyphs range from 1.0 to
6.5 cm in length. The width of the particular forms represents about
two thirds of the length. The state of preservation of morphological
details in smaller forms (pl. II, fig. 1-3) agrees with that of the larger
forms (pl. II, fig. 4-6), and thus suggests its independence from the size
of the animal. The resemblance of variously sized forms reasonably sug-
gests that all the traces were made by animals of one biocoenosis in
which there existed a given ratio of the smaller (young) forms to the
larger (adult) forms.

Origin. — The Rusophycus Hall hieroglyphs are interpreted as the
counterparts of traces of the trilobites rest on the sea bottom (Fenton
& Fenton, 1937; Lessertisseur, 1955; Seilacher, 1955, 1956, 1959, 1960,
1962). The hieroglyph mounds fit into the original grooves made by the
animal or by parts of its body.

The Rusophycus hieroglyphs previously described in the literaturz
are preserved mostly as two-lobed mounds and it is this type that pre-
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dominates in the material from Wielka Wisniowka (pl. 1I, fig. 1, 4). In
addition to them, about 10 more completely preserved specimens were
found (pl. II, fig. 2, 3, 5—8). They are composed of the two-lobed mound,
the imprints of trilobite segments, pygidium and pygidial spine. Thera
exist, however, transitions between these two types. The latest observa-
tions indicate that all the hieroglyphs in the shape of a two-lobed mound
may be associated with the life activities of the same type ‘of animals.
Hence, it seems reasonable not to introduce a new name for forms
shown in pl. II, fig. 2, 3, 5—8 though they differ considerably from
those in fig. 1 and 4. Therefore, all the hieroglyphs here investigated
are assigned to the Rusophycus type. The most representative forms
among them are those bearing traces of trilobite segmentation. Forms
in the shape of a two-lobed mound only belong to the Rusophycus type;
their incomplete state of preservation results from original or secon-
dary causes.

It may reasonably be supposed that the criginal factors, responsible
for the formation of “incomplete’” Rusophycus hieroglyphs, are the poor
consolidation of the sea bottom sediments — conducive to the burying
of traces — or the ununiform sinking of their infillings (i.e. of the hie-
roglyphs), possibly also the trilobites’ agility, during their rest, which
impedes the distinct imprinting of the animal’s body parts in the sedi-
ment. It seems that the main factor here is the ununiform sinking of
the hieroglyph. Most likely this process was started by the very exist-
ence of the hieroglyph on the underside of the layer overlying the sea
bottom. By analogy to the names suggested by Kelling and Walton (1957)
for other load structures, the writers propose to call such forms the
load-casted hieroglyphs.

A secondary factor might be that some hieroglyphs are subject to
more rapid weathering than the covering layer, this being due to the
less advanced diagenesis of the hieroglyphs. The weaker diagenesis of
the hieroglyphs is probably sometimes connected with lithological diffe-
rences, i.e. their somewhat coarser granulation than that of the covering
layer.

Before terminating the discussion on traces formed on the sea bot-
tom by resting trilobites, it might be mentioned that the plastelina
counterpart of the true trace of a resting trilobite which occurs on the
upper side of the ripple-marked sandstone layer (pl. lII, fig. 1) — and
hence may be considered as its hieroglyph — closely resembles the in-
completely preserved forms of the Rusophycus type. In this case unsa-
tisfactory preservation is most likely due to the weak consolidation of
the sand on which the trilobite was resting.

Occurrence, — The Rusophycus hieroglyphs are known from the
Cambrian deposits in Sweden, North America and Pakistan (Lessertis-
seur, 1955; Seilacher, 1955, 1960). ‘
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HIEROGLYPHS OF THE TRACES OF CHANGING THE REST PLACES

Among hieroglyphs imprinted by trilobites while changing their
rest place the simplest ones are those which the trilobite made first: an
irregular groove by digging up the sediment; then the trilobite moved
on a little farther and quietly lay down to rest (pl. II, fig. 4; an indis-
tinet hieroglyph without details which became obliterated by loading
processes)., Another type was formed when the trilobite changed its rest
place more than once, slowly moving on in the same direction (pl. III,
fig. 2; five partly overlapping consecutive rest places). The last type of
hieroglyphs are transition forms grading to crawling traces without
stops on the way (Cruziana),

HIEROGLYPHS OF CRAWLING TRACES

Cruziana d’Orbigny, 1842

After Lessertisseur (1955) and Seilacher (1960), the name Cruziana
d’Orbigny is used by the writers for hieroglyphs that have a strongly
elongated path-like shape, and are covered by minute herring-bone shap-
ed ridges (Crossochorda Schimper, 1879, sensu Dzulynski & Zak, 1960).

Material. — Within the Wielka Wisniéwka ichnocoenosis the Cru-
ziana type of hieroglyphs are three times less frequent than the Ruso-
phycus type, and the excellently preserved specimens, encountered on
the underside of the quartzitic sandstone layers (pl. IV-VII) are extre-
mely rare. A total of only 20 specimens has been collected by the wri-
ters. Most -of them are very incompletely preserved owing the same
processes that impeded the preservation of the Rusophycus hieroglyphs.
Forms on the lamination planes of siltstones are very indistinct and fra-
gile, so that their extraction meets with considerable difficulty. In size
and shape they resemble forms shown in pl. IV-VII.

Description. — The Cruziana type hieroglyphs vary in length. The
longest specimen among those with two natural terminations (pl. I1V)
has a length of 16 em, while the lonigest one of all the specimens collec-
ted is 24 cm in length. The latter form whose fragment with one na-
tural termination is figured in pl. VII, was found on a slab on the
heap; it lacks the other termination. Its entire length may be estimated
at approx. 30 ¢m. The most common width ranges from 2.5 to 3.5 em; it
may change along the trackway hieroglyph. The smaliest form is 5 cm
long and approx. 1.5 cm wide.

The particular hieroglyphs are straight (pl. VI), slightly arched over
a part (pl. V) or over the whole of length (pl. IV, VII). Plate VI shows
two straight trackway hieroglyphs crossing each other; the preserved
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details suggest that the longer track is older. The hieroglyph height
corresponds to the depth of the groove dug out by the animal; it also
varies from a few millimetres to 1 cm, even along the same frackwayv
hieroglyph. The greatest height (18 mm) is attained at midway of the
track shown in pl. VII.

Origin, — The Cruziana type hieroglyphs are interpreted as counter-
parts of the crawling traces of trilobites on the sea bottom, accompanied
by digging up of the material (Holm, 1887; Abel, 1935; Lessertisseur, 1955;
Seilacher, 1960, 1962). Herring-bone shaped ridges along the trackway
are counterparts of trilobite appendages, while smaller, often doubie
ridges on their surface are counterparts of claw traces — seen best in
pl. IV and V. The ends of the bigger ridges are occasionally thickened
(right side of the track hieroglyph in pl. V) probably owing to the slime
coating on the trilobites’ claws and appendages (Seilacher, 1955). The
appendage traces may reach to the very border of the trackway (pl. V)
or break off before attaining it (pl. IV, VI, VII). This depends on the
strength used in the digging up of the material. The borders of the
particular tracks may be smooth (pl. IV) or more or less distinctly rim-
med (pl. VI, VII, partly V). This rim is the counterpari of the groove
imprinted by the protruding lateral processes of trilobite segments or
by the lower portions of the cephalon — possibly also the limbus and
the cheek lobes. The rim is generally encountered on higher hieroglyphs,
while it vanishes on the lower or gradually lowering ones (centre of the
right side border of the trackway in pl. V). The latter hieroglyphs cor-
respond to the shallowing groove imprinted by the crawling trilobite
when the animal's flanks no longer touched the sea floor.

The morphological details described above are variously indicated
on the particular track hieroglyphs, moreover, they may also change
along the same trackway. This is readily explained because the minor
features of the shape of the original grooves were controlled by many
factors resulting from the general character of the bottom sediment,
its consolidation and, primarily, differences in the trilobite behaviour
during crawling, the depth of burrowing and the speed of this process,
as well as the weight and agility of the individual animals. The general
resemblance of all the track hieroglyphs of the Cruziana sp. from Wiel-
ka Wisniéwka reasonably suggests that they were all imprinted by the
same animals. On the other hand, the rather strong differentiation of
these tracks warns us to exercise strong caution in the choice of nomen-
clature for trilobite traces, similarly as in the case of traces of other
animals. This caution is indispensable because of differences observable
even between the particular parts of the same trackway, so much so that,
were they found as isolated specimens, they might be mistaken for quite
separate forms and given different “specific” names.
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No fragments of layers, containing both the Rusophycus and Cru-
ziana types of hieroglyphs, have so far been found at Wielka Wisniowka,
but their occurrence in adjoining layers of a given series reliably indi-
cates that the two types of traces were imprinted by the same trilebites.
The largest tracks (pl. IV-VII) were probably made by such trilobites
which, resting quietly on the sea bottom, left the grooves of the dimen-
sion of the Rusophycus hieroglyphs shown in fig. 4-7 of pl. II. The maxi-
mum width of the Rusophycus hieroglyph is 4.5 cm (pl. II, fig. 8). It is 1 ecm
wider than the widest Cruziana hieroglyph, and its shape suggests that
it resulted from the infilling of a groove laterally much widened, pro-
bably owing to the sideway movement of the animal. The central por-
tion of this trace — most sharply outlined — is 3.5 em wide, thus agree-
ing in width with the Cruziana forms. The smallest and the narrowest
Cruziane hieroglyph is 1.5 em in width and could have been imprinted
by an animal of the size corresponding to the Rusophycus hieroglyph
shown in fig. 2 of pl. II. No narrower Cruziana hieroglyphs have so far
been found corresponding to the smallest Rusophycus hieroglyph (pl. I,
fig. 1).

Occurrence. — The Cruziana type hieroglyphs are reported from
the Cambrian in England, Sweden, Spain, the United States of North
America and Pakistan (Seilacher, 1960).

HIEROGLYPHS OF THE TRACES OF STRIDING

Diplichnites Dawson, 1873

Hieroglyphs of the Diplichnites type are characterized by the wide
spacing of the isolated ridges which are arranged aft® an approximately
herring-bone pattern. They are the infillings of grooves made by trilo-
bites which strode on with outstretched appendages and did not drag
their bodies on the sea floor nor dig up the bottom material. Such hie-
roglyphs are extremely rare at Wielka Wisniéwka. The best specimen
was collected by Dzutynski and Zak (1960, pl. 25, fig. 1). The writers’
material contains only small fragments of such hieroglyphs observable
on minor slabs of layers.

HIEROGLYPHS OF THE TRACES OF SIDEWAY MOVEMENT

Dimorphichnus Seilacher, 1955

The generic and specific name of Dimorphichnus obliquus was in-
troduced by Seilacher (1955) for tracks imprinted by the sideway move-
ment of trilobites, similarly as in the case of some living crustaceans,
e.g. crabs. These track hieroglyphs, described by Seilacher from the



270 ANDRZEJ] RADWANSKI & PIOTR RONIEWICZ

Lower Cambrian of Pakistan, are characterized by several sets of ridges,
regularly repeated along the trackway.

The material from Wielka Wisniéwka contains only track hiero-
glyphs consisting of one or more sets of ridges (Harksiegel; Seilacher,
1962) which occur sporadically on the underside of some layers. The
best preserved specimen is shown in fig. 1 of pl. VIII where two track
hieroglyphs are observable. Most likely thev were imprinted by two
. trilobite individuals advancing sideway just above the sea floor which
they occasionally grazed. The first trackway (central upper part of fi-
gure) consists of only one set of ridges slightly spread to the right.
These extensions represent the counterparts of grooves grazed by claws
that were probably coated with slime. The thinning out of the exten-
sions to the left of the ridges indicates that the trilobite moved from
right to left (see Seilacher’s reconstruction, 1955, fig. 3). The other track-
way on the specimen (pl. VIII, fig. 1 — left bottom of figure) consists
of 4 sets of ridges, the most left set being upcurved. This curve repre-
sents the trace of the animal as it turned away from the formerly fol-
lowed course. Another, somewhat similar trackway of a trilobite, chan-
ging its former course as it advanced sideway, is shown in pl. VIII,
fig. 2. :

Specimens of track hieroglyphs of trilobites moving sideway, which
were found at Wielka Wisniowka, differ from the tracks of Dimorphich-
nus obliquus Seilacher from Pakistan in that they are much more frag-
mentary. Hence they are here identified as Dimorphichnus sp.

OTHER TRILOBITE TRACK HIEROGLYPHS

The most common forms here are tiny isolated ridges occurring en
masse as counterparts of grooves imprinted by appendages of trilobites.
These track hieroglyphs that are arranged at random often cover a con-
siderable area of the surface of layers. They were formed in places
crowded with trilobites where these animals were swimming just above
the sea floor now and then touching the bottom with their appen-
dages.

Some other traces, also mostly appendage imprints, were likewise
made while the animal swam very close to the sea bottom, sometimes
touching it or even resting down. These forms sometimes resemble rudi-
mentary hieroglyphs of the Cruziana, Diplichnites or Dimorphichnus
type. The resemblance is obviously due to affinities in the mode of the
animal's movements. A number of irregular hieroglyphs somewhat re-
semble forms described by Fenton and Fenton (1937). They were pro-
bably imprinted in the sediment by trilobites burrowing for food or to
lay their eggs.
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NON- 'RILOBITE COMPONENTS OF THE ICHNOCOENOSIS

Within the Wielka Wisniowka ichnocoenosis, besides the irilobite
traces, there are structures due to the activity of other animals, pre-
served mostly as hieroglyphs. Among them are: Bergaueria perata Prantl,
Diplocraterion sp. and numerous minute enigmatic forms.

Bergaueria perata Prantl, 1945

Description of material. — The Bergaueria perata Prantl hieroglyphs
occur sporadically on the underside of relatively thin quartzitic sand-
stone layers, So far two fairly well preserved isolated specimens (pl. IX,
fig. 1, 2) have been found on slabs of layers; a few other available spe-
cimens are badly preserved. Of the two satisfactorily preserved speci-
mens the larger one, 20 mm in diameter (pl. IX. fig. 1), has its end da-
maged, while the smaller one, 16 mm in diameter and 8 mm in height
(pl. IX. fig. 2) is nearly complete.

The hieroglyphs collected by the late Professor Jan Samsonowicz
several years ago from the Upper Cambrian deposits at Marcinkowice
near Opatoéw (eastern part of the Holy Cross Mountains) were much
better preserved, but they were never described. This specimen, housed
at the Museum of Geological Institute in Warsaw, was figured by Ko-
tanski (1939, p. 318, fig. 121) as sandstone with bagshaped hieroglyphs
of enigmatic origin. Thanks to the courtesy of Dr Z. Kotanski the pho-
tograph of the above specimen is published in the present paper (pl.
IX. fig. 3). .

The Marcinkowice specimen, with Bergaueria perata Prantl hiero-
glyphs, is a 9 X 12 cm fragment of the underside of a quartzitic sand-
stone layer. This fragments bears on its surface 12 characteristic hieroc-
glyphs, shaped like small bags or bulbs, well rounded off at the ends.
One half of them are incomplete, their ends being badly damaged. The
average diameter of the hieroglyphs is 20 mm, the average height of the
completely preserved forms is 10 mm. The individual hieroglyphs are
circular in section, with the surface generally smooth, bearing rather
faint concentric rings and a shallow, occasionally irregular, terminal de-
pression. Some forms have several indistinct ribs radiating from or slight-
ly oblique to the vertical axis of the hieroglyph. Within the preserv-
ed slab of the layer, the hieroglyphs occur singly, though in two places
it may be observed that two hieroglyphs join by means of a flat, cen-
trally constricted mound.

The morphological details of the Wielka Wisniowka forms resemble
those of the Marcinkowice specimens, but they are less clear owing to
a worse state of preservation.
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Origin. — The Bergaueria perata Prantl hieroglyphs are very rare.
Their origin has been more fully investigated by Pranti (1945). Accor-
ding to that author, the hieroglyphs he studied were formed by the
infilling of bag-shaped holes, probably made by some anthozoans whose
mode of life resembled that of the living sea anemones or other recent
anthozoan sand burrowers, or possibly also by other similarly construct-
ed animals, which led a similar life. Some of the living sea anemones
make holes which, if infilled, might result in a type of hieroglyphs
strongly resembling Bergaueria perata. Such sea anemones in the first
place contain representatives of the genus Cereus (cf. Lessertisseur,
1955, fig. 17A, and p. 31) encountered i.a. in shallow water off the
French coasts. Recently, Seilacher (1956) has also accepted that inter-
pretation of the Bergaueria perata hieroglyphs. Kulindrichnus langi
Hallam from the Sinemurian beds of Dorset in England, which are re-
latively large forms, up to 75 mm in diameter and 130 mm in length,
have been also similarly interpreted (Hallam, 1960).

A closer morphological analysis of the Bergaueria perata Prantl
hieroglyphs suggests that their faintly marked concentric rings may
correspond to traces of sea anemones due to the alternating contraction
and dilatation of their bodies. The shallow depression at the ends of
hieroglyphs probably fit into the traces of the device by which the ane-
mones are attached to the sea floor. The fact of the preservation of the
above details on hieroglyphs from the Holy Cross Mountains and from
other areas, might reasonably indicate that the sand layer did not bury
the holes that persisted after the death of the animal but the animals
themselves alife in their holes and thus caused their death. After the
decay ‘of the organic remains the holes were gradually filled in by the
sand. It is to be noted here that forms from the Holy Cross Mountains
and from the Ordovician of Bohemia (Prantl, 1945) are encountered 1
more fine-grained silt or clay sediment than that which forms and co-
vers the hieroglyphs.

Occurrence. — The Bergaueria perata Prant] hieroglyphs are known
from the Lower Cambrian of northern Spain (Seilacher, 1962, personal
comm.), the Middle Cambrian of the Grand Canyon, Cclorado Bright
Angel Shale (McKee, 1945; Seilacher, 1956) and from the Upper Llan-
deilo (Ordovician) Chrustenice beds of Bohemia (Prantl, 1945). The
specimens so far recorded from the Cambrian of the Grand Canyon
(McKee, 1945) and from the Holy Cross Mountains, approx. 20 mm in
diameter, are smaller than the Ordovician forms which have a diame-
ter from 35 to 45 mm (Prantl, 1945).

The facial development of the Upper Cambrian beds in the eastern
part of the Holy Cross Mountains, near Opatéw (Samsonowicz, 1934,
1956; Radwanski & Roniewicz, 1962), comprising the Bergaueria peratu
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hieroglyphs locality at Marcinkowice, very much resembles the facial
conditions prevailing in the vicinity of Wielka Wisniéwka in the western
part of the Holy Cross Mountains. Owing, however, to lack of palae-
ontological evidence, the contemporaneity of sediments in these two
regions is still an open question (Radwanski & Roniewicz, 1962). Cru-
ziana, Planolites and Arenicolites are organic hieroglyphs previously
reported from the vicinity of Opatéw (Samsconowicz, 1934).

Diplocnaterion Torell, 1870

Description of material. — The Diplocraterion Torell hieroglyphs
are common forms whose mass occurrence may be observed on the sur-
face of some layers (pl. X, fig. 1). They occur mostly in minor series of
thin quartzitic sandstone layers alternating with dark, nearly black
claystones and clays. They are much rarer within the lighter deposits
where they occur singly, sometimes jointly with Bergaueria perata
Prantl (pl IX, fig. 1). The Diplocraterion hieroglyphs are in the shape
_ of a small rope-like elevation that issues from and re-enters the under-
side of the sandstone layer.

Origin. — The formation of the Diplocraterion type of hieroglyphs
is probably due to the filling in by sand of U-shaped channels burrow-
ed by slime-eaters, possibly the annelids, which searched for food in
dark sediments abounding in decayed organic remains. These channels
are relatively shallow since they represent only the lower fragments of
U-shaped loops whose upper parts together with the funnel aperture
had been destroyed by paenecontemporaneous erosion prior to being in-
filled by sand. A similar process of the erosion of the upper portions of
Diplocraterion was traced by Goldring (1962) on the forms from clastic
Famennian deposits in North Devon, England.

Occurrence. — The Diplocraterion sp. hieroglyphs are known {rom
the Cambrian strata in the United States of North America (Seilacher,

1956), Sweden (Westergard, 1931) and Spain (Seilacher, 1962, personal
comm.). .

Enigmatic forms

These are minute, extremely diverse and locally numerous hiero-
glyphs, a few millimetres to 1 cm in length. They are the counterparts
of isolated depressions, possibly the feeding places of some more closely
unidentifiable animals, occurring in sediments with decaying organic
remains or in the faecales of other animals. Several very characteristic
forms, shaped like an elongated and slightly twisted drop, are shown
in pl. X, fig. 2.
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RECAPITULATION

An analysis of the forms described above points to the strong diver-
sity of the traces of the life activities of trilobites encountered within
the Upper Cambrian sediments at Wielka WisSniéwka in the Holy Cross
Mountains. These iraces primarily represent hieroglyphs of the traces
of rest (Rusophycus sp.), of crawling along the sea floor and digging
up the kotiom material (Cruziana sp.), of striding on the sea bottom
(Diplichnites sp.), and of sideway walking and swimming just above
the Lottom occasionally grazed by the trilobite (Dimorphichnus sp.),
finally very faint traces of burrowing. Illustrations in the present pa-
per show the strong shape variations of these forms. Apart from sub-
sequent sinking processes the causes of the shape variability are pro-
bably differences in the animals’ behaviour during their particular life
activities. Hence, it seems that trilobite traces, similarly as those of
other animals, must not be considered statically by means of specific
and generic assignments or the introduction of new names, but in the
light of the extent of all their variations and mutual gradations.
During the description of the material the writers tried to avoid the
use of such names, even in the case of forms strongly differing in
shape (Rusophycus sp.). The special names (Rusophycus sp., Cruziana
sp., Diplichnites sp., Dimorphichnus sp.) have been used not so much
for the 4 types of traces with strictly determined shape, as for the 4
groups of traces connected with the 4 above named life activities of
trilobiles which may now be interpreted on fossil material. The writers
look on their material as on one entity — a trace assemblage or ichno-
coenosis. An ichnocoenosis evidently results from those life activities
only whose traces persisted in the sediment. In turn this depends not
only on the nature of the life activities, but likewise on the character
of the sediment. Hence, several various ichnccoenoses may result frora
one and the same biocoenosis depending on the facial variability of se-
diments.

On the basis of the trilobite ichnocoenosis from Wielka Wisniowka
some suggestions may be made concerning the trilobite mode of life
within the Upper Cambrian sea of the Holy Cross Mountains. On the
one hand we observe an abundance of the traces of rest and the rela-
tive scarcity of the traces of crawling, together with traces made by
trilobites swimming just above the sea bottom and sporadically gra-
zing it; on the other hand, there is a lack of distinct traces of burrowing
on the sea floor. Both observations probably indicate that the trilobites
here considered were free-swimming forms which settled down on the
sea floor mainly for the rest. It may also be inferred that for their pla-
ces of rest, the trilobites selected areas of the sea bottom without de-
caying organic substances. This is suggested by the fact that the dark
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sediments so characteristically marked by traces of slime-eaters (Diplo-
craterion sp. hieroglyphs) were obviously avoided by trilobites. Thcugh it
is hardly possible to determine whether these trilobites are referable
to different species, genera or families it is reasonably supposed that
these forms displayed similar mode of life and life-conditions which
may be largely due to the adaptation to the prevailing environment.
Future investigations at Wielka Wisniéwka may lead to a better know-
ledge concerning the composition, variability and dependence on facial
conditions of the trilobite ichnocoenosis there. These data will in turn
help to clear up some interesting trilobite problems.

Laboratory of Dynamic Geology
of the Warsaw University
Warszawa, September 1962
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ANDRZE] RADWANSKI & PIOTR RONIEWICZ

GORNCKAMBRYJSKA ICHNOCENOZA TRYLOBITOWA
Z WIELKIEJ WISNIOWKI W GORACH SWIETOKRZYSKiICH

Streszczenie

Osady goérnego kambru Wielkiej Wisniowki w Gorach Swietckrzyskich, kto-
re byly przedmiolem opracowan sedymentologicznych Dzulynskiego i Zaka (1960)
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oraz autorow (Radwanski & Roniewicz, 1960), zawierajg charakterystyczny zesp6i
bardzo réinorodnych $ladow zwigzanych z dzialalnoscig trylobitéw i innych zwie-
rzat. Niektére z tych $§ladow zostaly juz pokrétce opisane przez wymienionych
autoréw. Niniejsza praca jest probag szczegolowego rozpatrzenia 'zagadnier‘l zwig-
zanych z licznym wystepowaniem calego zespolu $ladéw ogranicznych, czyli ich-
nocenozy (Dawitaszwili, 1945). Rozpatrzono rowniez zagadnienia dotyczace trybu
zycia trylobitéw, ktérych §ladv sa najbardziej charakterystycznym skladnikiem tel
ichnocenozy, jak rowniez warunki- umozliwiajgce zachowanie sie wszystkich $la-
dow zwierzecych w osadzie.

Najezestszymi $ladami zwiazanymi z dzialalnoScig trylobitow sa hieroglify
(terminologia poszczegélnych §laddéw, w zaleznoéci od ich polozenia na dolnych lub
gornych powierzchniach lawic, zostala podana na tabeli, s. 264), wséréd ktoérych
wyrodznicno: hieroglify $ladéw spoczynku — Rusophycus sp. (pl II), §ladoéw pelza-
nia po dnie polgczonege z jego rozgrzebywaniem — Cruziana sp. (pl. IV—VII),
sladéw stgpania po dnie — Diplichnites sp., $ladéow Kkroczenia lub plywania bo-
kiem tuz ponad dnem, w czasie ktdérego trylobit dotykal dna — Dimorphichnus
sp. (pl. VIII), oraz niewyraznych sladéw grzebania. Wymienione slady, jak wida¢
z ilustracji, mialy bardzo zmienne ksztalty, co — pomingwszy pdiniejsze defor-
macje, gléwnie pogrzezanie — wywolane bylo réznym zachowaniem sig zwierzat
w czasie wykonywania poszczegoélnych czynnos$ci. Z tego tez wzgledu autorzy sto-
sujg nazwy specjalne: Rusophycus sp., Cruziana sp., Diplichnites sp., Dimorphich-
nus sp, — w dos¢ szerokim zakresie, nie tyle dla czterech rodzajow $ladow o
$cifle zdefiniowanym ksztalcie, co dla czterech grup $laddéw zwigzanych z cztere-
ma wyzej wymienionymi czynnosciami zyciowymi trylobitow, ktére mozna obecnie
interpretowaé¢ na podstawie materialu kopalnego. Zebrany material autorzy irak-
tujg jako jedng calosé —'czyli ichnocenoze, ktérg nazywajg ichnocenozg trylobi-
towg ze wzgledu na dominujgcy udzial $ladow pozostaWionych przez trylobity.
Obok tych $ladow, w obrebie ichnocenozy spotyka sie $lady zwigzane prawdopo-
dobnie z dzialalno$cig ukwiaiéw (hieroglify Bergaueria perata Prantl; pl. IX, fig. 1,
2) oraz zwierzgt mulozernych, by¢é moze pierscienic (hieroglify Diplocraterion sp.,
pl. X, fig 1). Istniejg takze drobne hieroglify zagadkowego pochodzenia (pl. X,
fig. 2),

Na podstawie ichnocenozy trylobitowej z Wielkiej Wisniéwki mozna sproébo-
waé wyciggngé pewne wnioski co do trybu zycia trylobitéw w morzu gérno-kam-
bryjskim Gér Swietokrzyskich. Fakt wystepowania duzej ilosci $ladow spoczyn-
ku, a stosunkowo mniejszej $ladow pelzania, oraz obecno$é sladow pozosta-
wionych przez trylobity plywajgce tuz ponad dnem i chwilami zawadzajgce o
nie, z drugiej za$ strony brak wyraznych $ladéw grzebania w osadzie, — zdaja
sie wskazywa¢, ze trylobity tutaj zyjgce nalezaly raczej do form plywajacych, a
przebywajacych na dnie przede wszystkim w celu spoczynku. Moina rdéwniez
zauwazyé, ze jako miejsce spoczynku trylobity wybieralty dno nie zanie-
czyszczone gnijacymi substancjami  organicznymi, gdyz wyraZnie unikaiy
ciemnych osadéw, w ktéorych tak charakterystyczne sg $lady Zero-
wania zwierzat mulozernych (hieroglify Diplocraterion sp.). Aczkolwiek nie

12 Acta Palaeontologica Nr 2/63
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mozna rozstrzygnaé, czy byly to trylobity nalezgce do réinych gatunkow, ro-
dzajéw i rodzin, mozna z duzym prawdopodobienstwem przypusci¢, ze byly to
formy o podobnym trybie zycia i podobnych wymaganiach zyciowych, co oczy-
wiscie w znacznej mierze wywotane bylo przystosowaniem do panujgcych warun-
kéw Srodowiskowych. By¢é moze, ze przyszle badania w Wielkiej Wiéniowce poz-
wolg dokladniej ustali¢’ warunki wystepowania ichnocenozy trylobitowej, jej skiad,
zmiennosé i zalezno$¢é od warunkéw facjalnych, co z kolei moze rzuci¢ wigksze
$wiatlo na interesujgce problemy dotyczace samych trylobitéw.

OBJASNIENIA DO ILUSTRACJI

Pl I
Ogdlny widok fragmentu serii osadoéw gorno-kambryjskich, odstaniajgcych sie
w kamieniotomie Wielka Wisniéwka k.Kiele.

Pl 1II
Fig. 1—8. Hieroglify Rusophycus sp. (objasnienia w tekscie).

Pl. III
Fig. 1. Slad spoczynku trylobita na gérnej powierzchni lawicy piaskowca po-
krytej ripplemarkami.
Fig. 2. Hieroglif $ladu miejsca spoczynku trylobita, Widaé¢ 5 kolejnych miejsc
spoczynku, cze$ciowo nakladajgcych sie na siebie.

Pl IV
Hieroglif Cruziana sp. z dwoma naturalnymi zakonczeniami,

Pl V
Hieroglif Cruziana sp. o zmiennej wysoko$ci, cdpowiadajacej pogiebianiu sie
lub spiycaniu bruzdy tworzonej przez pelzngcego trylobita.

Pl. VI
Dwa hieroglify Cruziana sp. krzyzujgce sie wzajemnie.

: Pl. VII
Fragment dolnej powierzchni lawicy piaskowca z dwoma hieroglifami Cru-
ziana sp.

Pl. VIII
Fig. 1. Fragment hieroglifu Dimorphichnus sp.
Fig. 2. Fragment hieroglifu utworzonego przez trylobita skrecajacego w czasie
poruszania sie bokiem.

Pl. IX
Fig. 1. Hieroglif Bergaueria perata Prantl oraz 3 hieroglify Diplocraterion sp.
Fig. 2. Inny hieroglif Bergaueria perata Prantl, o mniejszej srednicy; X 1,25.
Fig. 3. Grupa hierogliféw Bergaueria perata Prantl, znaleziona przez prof.
J. Samsonowcza w osadach goérnego kambru w Marcinkowicach k.Opatowa. (Okaz
w zbiorach Inst. Geolog. w Warszawie).

Pl X
Fig. 1. Hieroglify Diplocraterion sp.
Fig. 2. Nieokres$lone blizej hieroglify organiczne.

Okazy wielkosci naturalnej, z wyjatkiem pl. IX, fig. 2
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AHJIPXKEN PAIBAHBCKMU u IETP POHEBMY

BEPXHE-KEMBPUVCKUV TPUJOBUTOBBIM MXHOIEHO3
113 BEJIBKOW BUCBHIOBKU B CBEHTOKPZXKUCKUX TOPAX (IIOJBILA)

Pe3iome

OrnoxeHusa BepxHero KkemMopusa Beabroit BuchbHiOBKM B CBEHTOKPXKUCKUX I'0pax,
KOTOpble OBbLIM NpPefMEeTOM CeAVMMEHTOJNIOTMYECKMX MUCCAECAOBAaHMI JIKYJIBIHBCKOTO
u 2Kaxa (1960), a TakKe aBTOPOR HacToAlleil crtaTbu (PagBaHbcKu u Ponesny, 1960),
COep2KaT XapaKTEPHBLII KOMIITEKC BeCcbMa pPa3HOOOpa3HbBIX CJISJOB CBA3AHHBIX
C AEATENILHOCTBLIC TPUJIOOHMTOB M OPYTUX KUBOTHBIX. HEKOTOpBIE M3 HUX y2KE BKpPaTLE
onucaHbl YNIOMAHYTbIMM aBTopamu. Hacrosmiaa pabora ABIAETCA NODBLITKON INOAPOH-
HOI'0 PacCMOTPEHMS BOIPOCOB CBA3AHHBLIX C MHOTOYMCIEHHBLIM BBLICTYIAaHMEM LIEJOT0
KOMIIJIEKCA OPTaHMYECKUX CJE€JNOB MM UXHOLEeHO3a (JaBurawsuiu, 1945). Paccmorpe--
Hbl TaKiXe BOIPOCHI Kacalouiuecd obpa3a XWU3HM TPUAOOMTOB, KOTOPBIX CJHEAbl 1B -
NAIOTCA Haubosiee XapaKTEPHO!! YACTBLIO 9STOr0 MXHOLEHN3a, pPaBHbLIM 00pa3oM Xax

1 yCJIOBMA IO3BOJAKOIIME HA COXPAHEHME CJEN0B KMBOTHBIX B OTJIOXKEHUAX.

Hauboyee yacTo BCTpEwaeMbIMM CllejaMy CBA3AHHbLIMM c KU3HENEATCIHLHOCTHIO
TPUROOGUTOB ABJIRKTCA MEPOrIM(PLI (TEPMUHOJIOIUA OTAENBHBLIX CAEAOB B 3aBMCHMOCTH
OT MX pAacCIOJOKEHUs HA HUKHMX MM BEPXHUX IIOBEPXHOCTAX IJIaCTOB ITOKAa3aHa
Ha Tabnaune, crtp. 264), cpexu KOTOPbIX BbLILEJEHO: HEPOrJaudbl CJELOB NOKOA —
Rusophycus sp. (na. 1), caenoB nmoJ3aHuA 0 gHy ¢ ero pasrpebanmem — Cruziana sp.,
(. IV-VII), cnenoB crynanua no aHy — Diplichnites sp., clefoB ruaraHMsa MAM nia-
BaHMA OGOKOM HENOCPEeACTBEHHO HAX AHOM, BO BPEMA KOTOPOro Tpuiobur Kacanca
gHa — Dimorphichnus sp. (nmn. VIII), 1 HEOTHETJUBLIX CJENOB pbIThba. Ilepeun-
CJIEHHBIE CJaeAbl, KaK BMAHO HA WJJIOCTPAllMM, UMEJK O4YeHb H3IMEHYUBYIO opMy,
YTO KPOME MO3AHEMNIIMX NecopManyy, IJIaBHbIM 00pazOM CBA3AHHBIX € YBA3aHUEM,
6BINO BBI3BAHO pPa3HbIM IMOEREJEHMEM JKMBOTHBIX NpPM RBbINOJHEHUM Pa3HbIX AEVCTEMIL.
IloroMy aBTOpbl NPUMEHSIOT OcoOhie HaszBaHu:A. Rusophycus sp., Cruziana sp.,
Diplichnites sp., Dimorphichnus sp. B JOBOJNBLHO INMPOKMX TPAaHMIAX, e AJX YeThIpex
BMJAOB CJIeJOB TOYHO ONpeaeNeHHO!! (POpMBbI, HO AJIA YeTbIPEX TI'PYNI CIEAOB CESI3aH-
HBIX C YEThIPbMS BbILIE NMEpPenCICHHbIMU nponsneﬂhnmn KUBHEAEATENIBHOCTH TPUIO-
OUTOR, KOTOpBIE MOXKHO TeINepPh MHTEPIIPETMPOBATHL tla MCKOMNAEMOM MaTepuaJie.
CobpaHHBII MaTEPUAN PACCMATPUBAETCH ABTOPAMM KaK IeJloe MJIM MXHOLEHO?Z, KOTO-
pbIf HAa3bIBAKOT TPUMJIOOUTOBBLIM B BUAY npeobiagaHusa clefoB OCTaBJAERHBbIX TPUIIOOHU-
TaMy. PAJOM € 3TMMM CcJiefjaMM, B npeAesiaX MXHOLEHO03a BCTPEUYAKTCA CJIEAbLl CBA3AH~
HbIE IO BCEI BEPOATHOCTU C HEATEJBLHOCTBLIO akTUMHUN (Mepornudbl Bergaueria perata
Prantl — nn. IX, cdwur. 1, 2)) u MynoenoB, BEPOATHO aHHedulx (Meporaudsr Diplo-
craterion sp. — na. X, dur. 1). CywecTByoT TO¥XKEe HEDOJIbLUIME HEPOrNUdL] 3ara-

OOYHOTO npoucxoxpaesua (. X, dwur. 2).

Ha ocHoBanmu TpuIOSHMTOROIO MXHOLEHO3a M3 BeabKoil BHMCHHIOBKH MOXKHO II0-

IIBITaTBCA CHEJNIATE HEKOTOPblE BEBIBOAbLI OTHOCUTEJNHLHO obpaza KM3HU ’I‘leJ‘[OGMTOB
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B BepXHe-KeMOpuiickom mMope CBEHTOKPIKMCKUX I‘op. Hamuuue GonbLIOro Xoamuectea
CJIENIOB IIOKOSH, 4 OTHOCUTEJIBHO MEHEe MHOTOHMCJIEHHBLIX CJIEAOB NOJ3aHMA, Oajiee —
NPHUCYTCTBUE CJEA0B OCTABJEHHBLIX TPUIOOMTAMM TNJABAUIMMM TYT Ke Haj [AHOM
¥ WHOrja NpHUKacamwlUMMMCA K HeMy, a C JAPYroid CTOPOHBI OTCYTCTBUE GTUETIUBBLIX
CJeJOB PbIThbA B OCajKe, VKa3bIRAeT NOBUAMMOMY Ha TO, UTO JKMBYILIME TYT TPILIOGUTHI
OpLriz naBaplUuMMK opMaMu NpebbIBAIOLMMM HAa JHE NPEXJAEe BCEero AJdsA OTALIXA.
MO>kHO TaKKe 3aMeTHMTb, UTO JJIfl OTAbIXa TPMJIOOUTHI EbIOMPAaM AHO HE3arpA3HCH-
HOE THMIOLIMM OPraHM4YecKMM BELIEeCTBOM, TaK KaK HECOMHEHHO wu3beranmM TeMHBIX
0CajKOB, B KOTOPbIX XapaKTEePHLIMM ABJAIOTCA CJiedbl NPOCBEPJIEHHbIe KWBOTHLIMH
IIOeAAWMMM HOHHBIM ocanok (uepornucnr Diplocraterion sp.). XOTA HEBO3MOMKHO
PCLIMTD, ObLIM JM 9TO TPUJIOOUTHI NPUHAJIEKALUME PARHBIM BUAAM, POAAM WMIIM CEMEli-
CTBAM, OYE€Hb XIPaBAONOAO0HO NPEeINOJIOKEHME, UTO OLiiM 3TO POPMbI CO CXOAHBLIM
o0pa3’oM KM3HU M CXOZHLIMU YKHU3HEHHBLIMKU TPeOOBaHMAMM, YTO KOHEUHO B OBOJLIUOI
cTeneHu OblIO BLI3BAHO NPUCIOCOOJEHMEM K TOCHOACTBYIOUIMM YCJAOBUSM CpeablL
Bo3MOKHO, 4TO AaJbHeNMIUMEe MUCCNeNOBAaHUA B BenbKoil BUCHHIOBKE 1103BONAT yCTA-
HOBUTL DoJiee IogposHO YCJIOBUA EBLICTYNAHMA TPUJODMTOBOrO MXHOLIEHO3a, €r0 COCTAaR,.
M3MEeHUYMBOCTh M 3aBUCUMNCTL OT (halMaNbHBIX YCJIOBMI, YTO B CBOIO OUEpPEIL MOKET

ﬁpOCMTb fonbllle cBeTa Ha MHTEpecHble BONPOCh! KacarlMecs camiX TpVIJIOf)MTOB.
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Pl I

Fragment of a series of Upper Cambrian sediments cropping out in the Wielka
Wisniowka quarry, near Kielce.
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Phot. P. Ronlewicz
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Fig. 1 —4 phot. B. Drozd * Fig. 5 —8 phot. J. Btaszyk



Pl II

Fig. 1-8. Rusophycus sp. hieroglyphs (explanations in the text); nat. size.



Pl 11X

Fig. 1. True trace of a trilobite resting on the upper side of a ripple-marked
sandstone layer; nat. size.
Fig. 2. Hieroglyph of the trilobite trace in change of the rest place, showing &
consecutive partly overlapping rest placcs: nat. size.
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Fig. 1 — phot. J. Btaszyk Fig. 2 — phot. §S. Wdowiak



ACTA PALAEONT. POLONICA, VOL. VIII RADWANSKI & RONIEWICZ, PL. IV

Phot. B. Drozd




Pl IV

Cruziana sp. hieroglyph provided with two natural terminaticns; nat. size.



PlL. V

Cruziana sp. hieroglyph showing varying height, fitting into the shallower or
deeper groove, imprinted by the crawling trilobite; nat. size.
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Phot. J. Blaszylk
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Phot. J. Btaszyk



PlL. VI

Two Cruziana sp. hieroglyphs, crossing each other, the longer track is older:
nat. size .



Pl. VII

Fragment of the underside of a sandstone layer with two Cruziana sp. hiero-
glyphs; nat. size.
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Phot. J. Blaszyk
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Pnot. J. Biaszyk



Pl. VIII

Fig. 1. Fragment of a Dimorphichnus sp. hieroglyph; nat. size.
Fig. 2. Fragment of a track hieroglyph of a trilobite changing its course during
sideway movement; nat. size. '



Pl IX

Fig. 1. One Bergaueria perata Prantl hieroglyph and three Diplocraterion sp.
hieroglyphs; nat. size.

Fig. 2. Another Bergaueria perata Prantl hieroglyph, smaller in diameter; X 1.25.

Fig. 3. A group of Bergaueria perata Prantl hieroglyphs found by Prof. J. Sam-
sonowicz in Upper Cambrian sediments at Marcinkowice, near Opatow:
nat. size. (From the collection of the Polish Geological Institute in Warsaw).
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Fig. 1, 2 — phot. M. Mazek Fig. 3 — phot. J. Blaszyk & M. Czarnocka
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Fig. 1 — phot. J. Blaszyk Fig. 2 — phot. §. Wdowiak



PL X

Fig. 1. Diplocraterion sp. hieroglyphs; nat. size.
Fig. 2. Enigmatic forms of hieroglyphs; nat. size.
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