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ABSTRACT:

RADWAKSKI, A. & WYSOCKA, A. 2004. A farewell to Swiniary sequence of mass-aggregated, spine-coated echinoids
Psammechinus and their associates (Middle Miocene; Holy Cross Mountains, Central Poland). Acta Geologica
Polonica, 54 (3), 381-399. Warszawa.

The Swiniary sand-pit (Middle Miocene, Badenian; southern slopes of the Holy Cross Mountains, Central
Poland), which has yielded innumerable fossils of various kinds over the last fifty years, is revisited. Most signifi-
cant there were mass accumulations of a single echinoid species, Psammechinus dubius (L. AGassiz, 1840), tests
of which preserved spine canopies and Aristotle’s lanterns in position. Other echinoids represented were rare, e.g.
Spatangus austriacus LAUBE, 1871, ‘Giant Psammechinus sp.’, Echinocardium peroni COTTEAU, 1877, and
Echinocyamus pusillus (O.F. MULLER, 1776). The pit has since been abandoned and recultivated entirely; in view
of this an updated review of, and supplement to, previous data on the Swiniary biotic assemblages, and their envi-
ronmental living conditions, is here presented. The mass accumulations of Psammechinus dubius are interpreted
to have been of storm origin, i.e. mass transportation and burial of live, or freshly dead, specimens. Hinted at is a
predatory activity of the starfish Astropecten forbesi HELLER, 1858, upon juveniles of Psammechinus dubius absent
from the storm-related thanatocoenoses. Associated with echinoderms are, amongst other groups, verrucid bar-
nacles Verruca sp. and inarticulate brachiopods Discinisca leopolitana (FRIEDBERG, 1921) derived from eulittoral
habitats, as well as pieces of terrestrial amber swept out of the shore. A general shallowing-up trend in the
Swiniary sequence is recognised, as indicated by environmental conditions changing from deeper offshore to proxi-
mal sublittoral, possibly shallow subtidal.

Key words: Echinoids, Psammechinus, Eco-taphonomy, Mass burial, Miocene, Poland.

INTRODUCTION

The exposure of Miocene sands at Swiniary on the
southern slopes of the Holy Cross Mountains, Central
Poland (see Text-fig. 1) is now definitely lost. Since the
early 1970s these quartz sands, the Swiniary Sands, had
widely become famous for their countless fossils of var-
ious kinds, in particular diverse echinoderms, the excep-

tional preservation of which was noted by the senior
author (RADWANSKI 1970, 1973a). The Swiniary expo-
sure was often recommended both for scientific
research, collection of fossils by amateurs, and educa-
tion in palaeobiological and palaecoenvironmental stud-
ies (see RADWANSKI 1973b, 1974; CHRISTENSEN & al.
1973; PRzYBYSZEWSKI 1975; MACHALSKI 1996). Of spe-
cial interest, and scientific value, were large slabs of



382 ANDRZEJ RADWANSKI & ANNA WYSOCKA

Fig. 1. Map showing location of the former Swiniary outcrop, and the extent of Middle Miocene (Badenian) transgressive deposits in the Fore-

Carpathian Depression, from Poland to the Ukraine. Indicated are referenced localities: K — Korytnica in the Korytnica Bay, P — Pificzow, M — Malice

and Mgczennice in the Opatéw Bay, N — Nawodzice, HL — Huta Lubycka, G — Gleboviti (=Chlebowice)

cemented sand, replete with randomly distributed spec-
imens of the regular echinoid Psammechinus dubius (L.
AcGAssiz, 1840). Such slabs, occasionally available from
the deeper parts of the section when these were

sl T
Fig. 2. gwiniary sand-pit in the early 1990s: a refuge of Sand Martin
colonies whose nesting tunnels sculpture the cliffs of the echinoid-bear-
ing sands (Member C in Text-fig. 3), typically with horizontal lines of
holes; overlying is Member D with cementations of the beachrock type
(see PL. 1, Fig. 1)

dragged out from temporary rainwater pools, were
often collected during excursions organised by several
European universities and museums, e.g. the Institute
of Geology, University of Aarhus (Denmark), the
Institute of Palacontology, University of Salzburg
(Austria), and Oertijdmuseum, De Groene Poort, in
Boxtel (The Netherlands). Both the unique state of
preservation and mass accumulations of these echi-
noids have recently been noted by NEBELSICK & KROH
(2002) to be significant in analyses of echinoid palaeoe-
cology and taphonomy.

Unfortunately, from the early 1970s onwards, the
state of the sequence exposed and thus access to its
fossil contents, have changed significantly from time to
time, being dependent of the demand of sand, eco-
nomic reasons, and technology in the window-pane
factory (now, the Pilkington Sandoglass) at
Sandomierz, for which the Swiniary exposure was the
main source of quartz sand. In the mid-1980s, a deep-
er excavation exposed the lower part of the section
with echinoid-bearing cemented sands in situ, and
loose megacross-bedded sands (Members A and B in
Text-fig. 3), which yielded diverse biota previously
unknown from the Swiniary sequence. This has
allowed us to complement the section (see Text-fig. 3;
compare RapwANsk1 1970, fig. 2; and 1973a, fig. 6). In
the 1990s, the exposure markedly deteriorated, and the
sand-pit was abandoned (see Text-fig. 2), its site to be
recultivated. Only the upper part of the section was
then available for study of physical features of the sand
grains in terms of their regional provenance along
Miocene seashores (KENIG & Wysocka 1996,
Wysocka 1999a).
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PALAEOGEOGRAPHIC SETTING

The Swiniary Sands represent a lithosome typical of
the southeasterly Middle Miocene (Badenian) seashores
of the Holy Cross Mountains, Central Poland. Their
occurrence is confined to that region where old-
Palacozoic (Lower to Middle Cambrian, locally
Ordovician) fine-grained clastics and shales formed the
hinterland, in contrast to the westerly shores constituted
of Mesozoic carbonates featuring a Dalmatian type of
shore (see RADWANSKI 1969, 1970, 1973a). The deposi-
tional pathway, the sands underwent from source to
shore, still remains unclear and nothing can here be
added to diverse interpretations offered previously in the
regional literature (reviews in RADWANSKI 1973a,
Wysocka 1999a).

The total thickness of the Swiniary Sands, as based on
borehole data, is estimated to be 20-22 metres (see
Pawrowsk1 1965, p. 41; RADWANSKI 1973a, p. 394), 12
metres of which were accessible when the sand-pit was
most extensively worked in the mid-1980s (see Text-fig. 3).

The history of geological-palaeontological investiga-
tions of the Swiniary Sands and a description of the depo-
sitional environment of the sequence have been pub-
lished earlier (RADWANSKI 1970, pp. 380-382; and 1973a,
pp. 394-400).

At that time, the depositional environment of the
Swiniary Sands (Members C — E, see Text-fig. 3) was
thought to be comparable to that of the Gulf of Manaar
along the Sri Lankan (Ceylonese) shores at depths rang-
ing between 10 and 18 metres (see HERDMAN 1906;
ALLEE & ScHMIDT 1949, pp. 206-207; and discussion in
RADWANSKI 1973a, p. 396). This interpretation compares
well with newer data, discussed below.

STRATIGRAPHY

The Swiniary Sands are of Middle Miocene
(Badenian) age in the Central Paratethyan stratigraphy,
which corresponds to the Upper Langhian — Lower
Serravallian interval of the Mediterranean stage division.
Its age is thus coeval with that of the Korytnica sequence
and other open-marine facies yielding a wealth of biota
indicative of the littoral/sublittoral zone. All are devel-
oped just at the base of a transgressive cycle widely dis-
tributed along the Fore-Carpathian Depression in Poland
and the Ukraine (see Text-fig. 1 and RaADWANSsKI 1970,
1973a; BALUK & RADWANSKI 1977; WYSOCKA 1999a,
2002; RADWANSKI & WYSOCKaA 2001).

In calcareous nannoplankton terms this part of the
Middle Miocene (Badenian) transgressive cycle ranges
from within NN5 up to the basal part of NN6 Standard
Zone (see MARTINI 1977, BALUK & RADWANSKI 1977).

DEPOSITIONAL SEQUENCE

The Swiniary Sands sequence, intermittently exposed
at Swiniary sand-pit in between the 1970s and mid-1990s,
reveals five distinct members (A-E), as follows (see Text-
fig. 3).

Member A — Irregular sand layers, poorly calcite
cemented, and often replete with spine-coated tests of the
echinoid Psammechinus dubius (L. AGAsSiz, 1840). Such
monospecific mass accumulations are also irregular in
distribution, either appearing in the top parts of layers
(see Pl. 3, Figs 1-2), or forming their own streaks and lens-
es. In some thinner sandy layers, echinoid tests accumu-
lated preferentially at the bottom and the top parts of a
particular bed (see Text-fig. 5 and Pls 4-5), which is inter-
preted below. Associated with echinoids is the starfish
Astropecten forbesi HELLER, 1858, whose skeletons remain
not disarticulated (see Pl. 7, Figs 2-3). All cementations
appear stronger near, and around, echinoderms, which
suggests that these were the centres of calcium-carbonate
precipitation.

Member B — A peculiar set of megacross-bedded
sand/silt (almost 2 metres thick), overloaded with red-
algal balls (rhodoliths), small clusters of oysters
Neopycnodonte leopolitana (NIEDZWIEDZKI, 1909), com-
monly overgrown by verrucid barnacles Verruca sp., and
entrapping minute valves of inarticulate brachiopods
Discinisca leopolitana (FRIEDBERG, 1921) which may also
occur loose in the sand (see Pl. 8, Figs 1-4). Sporadically,
smaller or larger pieces of amber were found dispersed
throughout the sediment (see Pl 10, Fig. 1). Rare bur-
rows Ophiomorpha nodosa ILUNDGREN, 1894, are present
in the upper part of this unit.

Member C - Horizontally bedded sands with thin,
irregular or discontinuous clay/silt interbeddings (see PL
2, Fig. 2 and Pl 9, Fig. 1). Echinoids, primarily
Psammechinus dubius, occur either singly, usually in life
position, with spine canopy and Aristotle’s lantern pre-
served (see Pl 2, Fig. 2), or forming larger groups of so-
preserved specimens (see Pl 2, Figs 3-3a). Other echi-
noids (Schizaster, Scutella) are very rare, represented by
fragmentary tests. All echinoid tests in this unit are dia-
genetically altered, and most of them would pulverise
partly (see Pl. 2, Fig. 2), or completely at the weakest
blow.

Of other fossils, typical are small clusters of oysters
Neopycnodonte leopolitana, and of tubular polychaetes
Serpula subpacta ROVERETO, 1903. Burrows Ophio-
morpha nodosa are rare, but well developed (almost 1
metre in length/depth), and preserved in the lower part of
the unit (see PL. 9, Fig. 1), whereas in the upper part they
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become commoner, but usually are fragmentary with their
higher/upper portion truncated.

Member D — Heavily cemented, irregular sand lenses
or layers, intercalated with loose sand (see Pl. 1, Fig. 1)
containing infrequent clusters of Neopycnodonte leopoli-
tana and rare echinoids, mostly Psammechinus dubius,
and single specimens of Echinocardium peroni COTTEAU,
1877 (see Text-fig. 4), Spatangus austriacus LAUBE, 1871
(see PL. 6, Figs la-1b), ‘Giant Psammechinus sp.” (see PL
6, Figs 2a-2b) and Echinocyamus pusillus (O.F MULLER,
1776). Burrows Ophiomorpha nodosa are relatively com-
moner than in the preceding unit, but all specimens are
fragmentary, more or less deeply truncated by synsedi-
mentary erosion. Some of the cemented sand bodies are
sculptured at their top by symmetric oscillation ripples of
low amplitude, but of reasonable wave-length (15-20 cm,
see RADWANSKI 1973a, pl. 3, fig. 2).

All cementations in this unit are calcitic, and disinte-
grate completely when treated with acid. In the residue,
apart from quartz, small aggregates of barite appear.
Micro-aggregates of barite are also revealed by SEM
analysis (see below and Text-fig. 6.3 and 6.3a). Moreover,
in some cavities and/or diagenetic cracks of cemented
sand bodies, aggregations of native sulphur may also be
found (RADWANSKI 1973a, p. 394). In microscopic view,
visible in a sparry calcite cement is abundant hash of mol-
luscan shells, echinoderm debris, bryozoan colonies, poly-
chaete tubes, foraminiferal tests, and coralline algae,
which all indicate the original composition of a more or
less bioclastic sand. This, combined with the presence of
ripples over the top surface of some cementations, indi-
cates the synsedimentary origin of the sand bodies dis-
cussed. All these cementations are suggested to be com-
parable to those forming beachrocks of present-day car-
bonate seashores.

Member E - Finely tabular cross-bedded sands (see
Pl. 2, Fig. 1) with abundant clusters of oysters
Neopycnodonte leopolitana (the largest clusters reach
half a metre across), as well as of indeterminate bry-
ozoans, and of polychaetes Serpula subpacta. Of echi-
noids, only small-sized Parasalenia sp. occur entrapped
in some oyster clusters. Small-sized invertebrates are
also represented by numerous scallops, bryozoans,
foraminifers, and rare uncemented polychaetes Ditrupa.
On the other hand, teeth of large-sized sharks — Mako
(Isurus hastalis — see Pl. 8, Fig. 5) and Sand Shark
(Odontaspis), represent the vertebrates. Diagenetically
formed ‘barite roses’ are common (see PI. 10, Fig. 2), to
accumulate locally in the scree.

Overlying the studied sequence of Members A — E is,
with a stratigraphical gap, an Upper Badenian clay
sequence (see PI. 1, Fig. 2) that belongs to a separate sedi-
mentary cycle, not discussed in the present paper.

ECHINODERMS OF THE SWINIARY SANDS

Echinoderm assemblages in the éwiniary Sands are
dominated by one echinoid species, Psammechinus dubius
(L. AGassiz, 1840), and contain minor amounts of other
echinoids (both regular and irregular), starfish and ophi-
uroids. All are preserved as complete skeletons, making
them into the most spectacular fossils of the former expo-
sure (see Pls 2-7). Such a state of preservation in echinoids
has recently been widely discussed (SmiTH 1984, pp. 15-21;
RADWANSKA 1999, pp. 299 and 352-355; RADWANSKI &
Wrysocka 2001, pp. 301-302; ScaMmIiD & al. 2001;
NEBELSICK & KROH 2002), but it is rarely mentioned for
starfish (BALUK & RADWANSKI 1968, pp. 455 and 468;
RADWANSKI 1970, p. 378; MEYER 1984; BLAKE &
ZINSMEISTER 1988; Nosowska 1997, p. 227) and ophi-
uroids (MEYER 1984; IsHIDA & Fuita 2001; RADWANSKI
2002, p. 400: earlier references therein). From these data,
it appears that there is a general consensus that this is due
to very rapid burial of either live or freshly dead speci-
mens captured by a rather bulky sediment.

Diagenetic processes of pressure-solution have
involved a heavy armouring of all echinoderm skeletons
with sand grains. Such armouring is largely advanced in
echinoid tests and their spines (see Pl 3, Figs 1-2), to
cause damage to their skeletons. This armouring damage
is comparable to that of other invertebrates destroyed by
so-called pitting processes (see RADWANSKI 1965a, pp. 187
and 205). Identical armour has also been noted in the
majority of tests and spine canopies in the echinoid
Echinocardium from Chlebowice in the Ukraine
(RADWANSKI & WYSOCKA 2001, p. 302).

Echinoids

Dominant in the Swiniary Sands is the species
Psammechinus dubius (L. AGassiz, 1840), commonly
mass-accumulated in Member A, and less frequent in
Member C in which they occur either singly, or in groups
locally (see PI. 2, Figs 2-3, and PIs 3-5). Other
species/genera are rare (see PL 6), to appear in Member
A, or C and D. All were first recorded by RADWANSKI
(1970, 1973a) and PrzYBYSZEWSKI (1975), and were sub-
sequently described by MACZyYNsKa (1988). Further revi-
sions (PHILIPPE 1998, p. 231; RADWANSKI & WYSOCKA
2001, pp. 306-307) and new finds are here briefly com-
mented upon.

Psammechinus dubius (L. AGassiz, 1840)

This species, common in the Miocene of
Tethys/Paratethys settings (see LAMBERT 1910, p. 35;
VADASz 1915, p. 32), was first identified at Swiniary by
PrzYBYSZEWSKI (1975, pp. 63-66), who also noted its fre-
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quency to be between 2 to 3,000 specimens in some layers
exposed at that time (PRzYBYSZEWSKI 1975, p. 63 and pl.
4, fig. 4). In earlier reports (RADWANsKI 1970, 1973a,b),
the species was referred to as Psammechinus sp.

Spine canopies, not yet reported for Psammechinus
dubius (L. AGassiz, 1840), are typified by relatively long
spines (see Pl. 2, Fig. 3a and PI. 3, Figs 1-2) different from
those of other species in the genus (see e.g. STRENGER
1963, KIER 1972).

In addition to Swiniary (see also MACzyYNsKa 1988,
1991), the species was also reported by MACZYNSKA
(1979), albeit rarely (3 specimens), from Nawodzice and
(3 other specimens) from Huta Rézaniecka, 20 km west
of Huta Lubycka (locality HL in Text-fig. 1) in the most
easterly part of Middle Miocene (Badenian) sandy facies
in Poland, as well as by SZORENYI (1953) from coeval
deposits in the Ukraine. Referred to this species were
also several dwarfish (? juvenile) specimens from
Korytnica (MACZYNSKA 1987) and Pificzow (MACZYNSKA
1993).

Spatangus austriacus LAUBE, 1871

This species, established by LAUBE (1871) for rare
(three) specimens from the Miocene of the Vienna
Basin, is relatively common in Member A, where it
occurs singly, usually outside accumulations of the pre-
ceding species. Most specimens have a very fragile test
that easily crushes when picked up, to expose an calcite-
cemented internal cast. The best preserved specimens
have partial spine canopies, usually at their oral side (see
PL 6, Figs 1a-1b).

The specimens collected are of the same size (80-85
mm in length) as those reported by LAUBE (1871) from
the Vienna Basin, and these by MACZYNsKA (1979) from
Huta Lubycka (locality HL in Text-fig. 1).

Similar, if not identical, specimens from the
Pannonian Basin were referred to by VADAsz (1915) as
“Prospatangus hungaricus VADAsz, 19157, the separate
status of which was also accepted for some specimens
from the Ukraine (SzORENYI 1953), and from Huta
Lubycka in Poland (MACzyNsKka 1979, 1991).

In the Swiniary Sands, the species was first reported
by PRZYBYSZEWSKI (1975, pp. 68-69), and subsequently by
MACZYNSKA (1988).

‘Giant Psammechinus sp.’

This category is used for two specimens collected
from the Swiniary Sands, the first of which was referred
to as “Schizechinus chateleti LAMBERT, 1910” by
MACZYNSKA (1988; accepted by PHILIPPE 1998, p. 60), a
name adopted subsequently for another specimen, by
MACHALSKI (1996, a photo on p. 23). The latter speci-

men has kindly been received on loan from Dr. M.
MACHALSKI (private collection) to be re-illustrated here-
in (P1. 6, Figs 2a-2b) and compared with the holotype of
the species established by LAMBERT (1910, pp. 43-44, pl.
3, figs 1-3) upon a single Miocene specimen from the
Rhone Basin. The provenance and age of that specimen
are unclear (see LAMBERT 1910, p. 44; PHILIPPE 1998, p.
61). On the other way, the distinction of this species
from morphologically almost identical Schizechinus dux
(LAUBE, 1871) and S. hungaricus (LAUBE, 1871), from
the Vienna and Pannonian Basin, is very arbitrary, as
judged from the literature data (see LAUBE 1871;
LAMBERT 1910, p. 44; VADAsz 1915, pp. 32-34;
SZORENYI 1953, pp. 59-60; MACZYNSKA 1979, 1988;
ScuMmID & al. 2001). Whatever the outcome, the two
specimens from Swiniary cannot be accommodated in
any species of Schizechinus, and their taxonomic assign-
ment remains controversial. Their morphology is close
to that of Psammechinus, except for size (attaining 78
mm in ambital diameter) almost twice exceeding that of
any Psammechinus species known to date (see LAMBERT
1910, pp. 33-41; PHILIPPE 1998, pp. 64-77). Tentatively,
the two discussed specimens from the Swiniary Sands
are herein classified, in inverted commas, as ‘Giant
Psammechinus sp.’, to suggest their possible being of a
new species, even of another genus.

Echinocardium peroni COTTEAU, 1877

This species, established by CoTTEAU (1877; see also
1873, p. 242) for Miocene material from Corsica seems to
have been distributed in the Miocene of Europe much
more widely than previously thought. As revised by
PuiLIPPE (1998, pp. 230-231) and RADWANSKI &
Wysocka (2001, pp. 306-307), to this species belong both
a test reported by MACZYNSKA (1988, pl. 5, figs 1a-1e; and
1991, pl. 1, figs 9a-9d) from Swiniary, as well as two spec-
imens reported by her earlier (MACZYNSKA 1979, pl. 9,
figs 2 and 4) from Huta Lubycka and Monastyrz nearby.

The best preserved specimen from Member D is
illustrated herein (Text-fig. 4), to compare with the
holotype of the species (see COTTEAU 1877, pp. 323-
325, pl. 14, figs 5-9).

Fig. 4. Echinocardium peroni
CoTTEAU, 1877, from Member D

of the Swiniary Sands; nat. size
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Other taxa

Fragmentary and poorly preserved specimens of
Schizaster and Scutella are known from Member C, and a
few specimens of Echinocyamus pusillus (O.F MULLER,
1776) were collected from Member D (compare
RADWANSKI 1973a, p. 395; PRzZYBYSZEWSKI 1975, pp. 60-
61).

Ophiuroids

A unique specimen, reported on by PRZYBYSZEWSKI
(1975, pl. 10, fig. 4; re-illustrated herein as Pl. 7, Fig. 1), is
an almost complete skeleton adhering to a Spatangus test
from Member D. Its assignment, with a question mark, to
the genus Amphiophiura MATSUMOTO, 1915 (see SPENCER
& WRIGHT 1966, p. U95), as favoured by PRZYBYSZEWSKI
(1975, pp. 61-62), is herein accepted. Although indeter-
minate taxonomically, this specimen is the first ophiuroid
to be recorded from Miocene sequences of Poland.
Previous reports concerned isolated vertebrae from the
clay sequence at Wieliczka (SzaiNocHA 1900) and from
the Korytnica Clays (BALUK & RADWANSKI 1977, p. 99).
In other Paratethys regions, where isolated vertebrae are
locally common, complete skeletons are always rare finds,
e.g. in the Vienna Basin (see KUPPER 1954, BINDER &
STEININGER 1967, MEYER 2002).

Starfish

Starfish are represented by near-complete skeletons
(see P1. 7, Figs 2-3), associated with echinoid aggregations
in Member A. The structure of the skeletons and their
size (12-14 cm with arms extended) allow these to be
assigned to Astropecten forbesi HELLER, 1858, the species
also known from the Miocene sequences in the Vienna
Basin (HELLER 1858, pl. 1, figs 1-3) and in the Ukraine
(KUDRIN 1957, pl. 3, figs 1-2).

The species recognised is the second astropectinid
recorded from the sandy facies of the Holy Cross
shores. The smaller-sized Astropecten navodicensis
Nosowska, 1997, occurs as complete skeletons, fre-
quently with arms appressed tightly in a tulip-flower
form at Nawodzice (locality N in Text-fig.1; see BALUK
& RADWANSKI 1968, fig. 3.10-3.10a; RADWANSKI 1970,
p. 383, fig. 3j; Nosowska 1997), to make its common
fame (see BLAKE & ZINSMEISTER 1988, p. 492; JAGT
1991, p. 39). At Swiniary, one of the astropectinid spec-
imens reported by PrzyByszewski (1975, pl. 10, figs
2a-2b) belongs to this taxon. Recently, fragmentary
skeletons of this species have also been recognised at
Gleboviti (=Chlebowice, locality G in Text-fig. 1) in
the Ukraine (RADWANSKI & Wysocka 2001, pp. 301
and 312).

Eco-taphonomy

The mode of life of modern relatives of the echino-
derms recognised varies from intertidal, usually cryptic, to
offshore habitats of some tens of metres (see NICHOLS
1959, STRENGER 1963, KIER 1972, ERNST & al. 1973).

The commonest species, Psammechinus dubius (L.
AGAssIz, 1840), which significantly dominates over other
echinoids at Swiniary, formed dense populations of thou-
sands of specimens, not yet recorded for fossil represen-
tatives of the genus Psammechinus L. AGASSIZ & DESOR,
1846. Similarly dense fossil populations have hitherto
been reported for the genus Echinocardium GRray, 1825,
solely (see KIER 1972, KOTCHETOFF & al. 1975,
RADWANSKI & WYSOCKA 2001).

As far as the mode of life of fossil representatives
of the genus Psammechinus is concerned, the only
attempt was offered by KieR (1972), who interpreted a
short-spined Psammechinus species from the Miocene
Yorktown Formation of the United States to have lived
either cryptically in the shorezone, or freely on a sandy
bottom where they covered with sand. Such coverage,
to form a kind of debris thatch, is typical of some
extant genera (see SMITH 1984, p. 96), and it has
recently been suggested by RADWANSKA (1999, p. 346)
for Late Jurassic genera, such as Trochotiara and
Phymosoma.

The noted feature of relatively long spines in
Psammechinus dubius studied (see Pl. 2, Figs 3-3a; PL. 3,
Figs 1-2) is interpreted as of defensive nature, to deter
possible predators (see SMITH 1984, p. 97). In these echi-
noids, such strategy has certainly evolved instead of cov-
erage which requires (see SMITH 1984, p. 96) short spines
to camouflage. Moreover, their herd mode of life (see
SMITH 1984, p. 97) could effectively ensure against possi-
ble predators. The dense populations of Psammechinus
dubius studied spread widely over the sea floor, and their
members had a vagile mode of life, possibly amidst algal
fronds or in seagrass, as is typical (see STRENGER 1963)
for the present-day Psammechinus microtuberculatus
(BLAINVILLE), which is common along the Adriatic
shores.

Burrowing, more or less deeply, were Spatangus aus-
triacus LAUBE, 1871, and Echinocardium peroni COTTEAU,
1877, which may be inferred from data on their con-
geners, both modern and fossil (see NICHOLS 1959, KIER
1972, ERNST & al. 1973, SMiTH 1984, RADWANSKI &
Wysocka 2001).

Present-day species of the starfish genus Astropecten,
as concisely reviewed by CHRISTENSEN (1970, p. 3), lie
buried in the sediment when resting, and come out onto
the bottom surface when searching for prey.

Although the echinoderms of the Swiniary Sands
studied represent the remains of original communities
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that survived taphonomic loss, some biological relation-
ships between echinoderms themselves may be postu-
lated.

The starfish Astropecten forbesi HELLER, 1858, pre-
served in Psammechinus-bearing beds, was probably a
predatory species in the living echinoid community. Its
function is inferred to have been identical with that of
modern astropectinids whose diet consists, to some
extent, of small-sized echinoids (see CHRISTENSEN 1970,
pp- 10-34). Similarly, such predatory activity of starfish
upon ophiuroids is also evident (see CHRISTENSEN 1970,
pp. 26-27; ARONSON & BLAKE 2001, p. 34; fig. 3D). These

data allow the assumption that the association of
astropectinids and ophiuroids with echinoids in the
Swiniary Sands (Member A and D) resulted from their
co-occurrence in some communities, subsequently
destructed and rapidly buried in a sand mass.
Furthermore, the general lack of juvenile Psammechinus
in the assemblages studied (excepted are some from
Member D: see Pl 6, Figs 2a-2b) may supposedly be
explained by the presence of astropectinids preying upon
them (!).

The echinoderm communities, densely populated by
the echinoid species Psammechinus dubius (L. AGASSIZ,

iupalde. Pl _-:l
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bottomside

Fig. 5. Lateral view (photo in actual size; and a sketch, above) of the Psammechinus-bearing slab of cemented sand from Member A4, to show the position
of echinoids at its topside (see Pl. 4) and bottomside (see PI. 5)

Interpretation: The echinoids Psammechinus dubius (L. AGassiz, 1840) caught up violently by storms from their habitat(s), and stirred up with a bulk of

sand, were deposited within a sand body. The echinoids which survived the stress (specimens numbered / to 5), were able to escape from the sandy mass,

to relocate onto the topside of sand (see PI. 4). The torpid and/or lifeless ones (specimens numbered 6 to /7) were overturned and accumulated under

a sandy mass, now exposed in upside-down position over the bottomside of the sand body (see Pl. 5); moreover, some overturned specimens are also

entombed in the sand interior (arrowed)
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1840) in a herd-like fashion (cf. NERAUDEAU 1991),
became an easy “tidbit” when stormy stirring-up acted to
catch and transport them violently out of their habitats.
Mass occurrence of the echinoids thus led to mass trans-
port and, finely, to mass burial, regardless of their being
alive, or freshly dead from eventful stress. In some cases,
as interpreted herein (Text-fig. 5), some of the specimens
could survive that stress, others not. The mass-mortality
beds (“Fossillagerstitten”) of the Swiniary Sands are con-
sidered consequently to be typical thanatocoenoses, in
which a lack of juveniles was of primary origin, resulting
from predation by associated starfish.

Storm agitation leading to mass burial of fossil
echinoderms is commonly postulated (see reviews by
ASLIN 1968, KIER 1972, SMITH 1984, MEYER 1984,
RADWANSKA 1999, RADWANSKI & Wysocka 2001,
NEUMANN 2001, NEBELSICK & KROH 2002, RADWANSKI
2002) and regarded to correspond with present-day
mass mortality cases (see e.g. SMITH 1984, LAWRENCE
1996, NEUMANN 2001, NEBELSICK & KROH 2002).
Physical events other than storms, to have caused mass
accumulation, are rarely demonstrated in present-day
communities (see HIGGINS 1974, pp. 469-470; SMmITH
1984), or interpreted for fossil assemblages (SCHMID &
al. 2001).

Within the sandy facies of the Middle Miocene
(Badenian) shores in the Ukraine and Poland (see Text-
fig. 1), this is the second case of mass echinoid accumula-
tion. Yet, it is the first of regular echinoids; the other
instance involving Echinocardium leopolitanum described
in the former report (RADWANSKI & Wysocka 2001). It
should be noted that apart from the two locations of mass-
accumulated Psammechinus dubius (L. AGassiz, 1840)
and Echinocardium leopolitanum RADWANSKI &
WyYSOCKA, 2001, neither of these species nor their con-
geners are common in other locations, being represented
there at most by single specimens (see SZORENYI 1953;
MACZYNSKA 1979, 1987, 1988, 1991, 1993; RADWANSKI &
Wysocka 2001).

ASSOCIATED BIOTA

Associated to those echinoid accumulations in the
Swiniary Sands are diverse biota, either scattered singly
throughout the sequence, or forming various monospe-
cific clusters. In both cases, they often tend to be con-
fined within the limits of some members of the
sequence (see Text-fig. 3). The systematic groups recog-
nised are here briefly reviewed, to record the presence
of newly collected forms, and to supplement previous
data formerly summarised (RADWANSKI 1973a, pp. 394-
395). All of the body fossils reviewed have calcitic or
organophosphatic skeletal remains, whereas aragonitic

forms were completely lost during diagenetic processes.
Moreover, some trace fossils, both borings and burrows,
are reported herein.

Red algae

The red alga Lithothamnion sp., whose colonies form
more or less spherical balls (rhodoliths) of various size (up
to 6-7 cm across, see PL. 8, Fig. 4), are common or even
mass-accumulated along the scrolls of megacross-bedded
sands in Member B. Their occurrence mode is thus simi-
lar to that in cross-bedded sands at Garbéw Nowy in the
Opatéw Bay (see RADWANSKI 1973a, fig. 4) or at
Chlebowice in the Ukraine (see RADWANSKI & WYSOCKA
2001, p. 298 and fig. 5b).

Green algae

The occurrence of the green alga Neomeris courtyi
MORELLET, 1913, of the order Dasycladales PASCHER,
1931, was reported from the Swiniary sequence (probably,
from Member E, then exposed) by MArECKI (1970, p. 171;
see also GENOT 1987, p. 2/23), who interpreted it, howev-
er, to be indicative of oligohaline waters of shore embay-
ments or lagoons (MALECKI 1970, pp. 168 and 173).

Tube-dwelling polychaetes

Tube-dwelling polychaetes are common components
of Member C through E, in which they form monospecif-
ic clusters of the species Serpula subpacta ROVERETO,
1903. Such clusters of various size (attaining over 10 cm
across, see RADWANSKI 1973a, pl. 8, figs 1-2) are particu-
larly significant in Member E, where they are allochtho-
nous, having been deposited in cross-bedded sands (see
Pl. 2, Fig. 1). In former reports, this serpulid was referred
to as “Serpula gregalis EICHWALD”, a species which has dif-
ferent tube morphology and taxonomic assignment (see
ScHMIDT 1955, pp. 47 and 64; RADWANSKI 1973a, p. 395).
Rare in Member E is Ditrupa cornea (LINNAEUS, 1767), a
free-living species, in uncemented tubes, very common at
other localities along the Holy Cross shores (e.g.
Korytnica, Pificzow; see RADWANSKA 1994, p. 63). The
taxonomy of the species has recently been discussed (see
RADWANSKA 1994, p. 62) since this Linnean species was
suggested by TEN HOVE & SMITH (1990, p. 101) to be iden-
tical to the extant species Ditrupa arietina (O.F. MULLER,
1776).

Bryozoans
Indeterminate bryozoans, of a very fragile, bushy mor-

phology of small colonies, forming irregular clusters, are
common locally in cross-bedded sands of Member E (see
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Pl. 2, Fig. 1). An armour of colonies by sand grains great-
ly hides their morphology and prevents any taxonomic
assignment.

Disciniscan brachiopods

Brachiopods collected from the Swiniary sequence
are only the inarticulates with an organophosphatic shell.
They are represented by the species Discinisca leopolitana
(FRIEDBERG, 1921), dorsal valves of which are common in
megacross-bedded sands of Member B. These minute
valves, usually 4-5 mm, the largest attaining 8 mm ante-
rio-posteriorly, are often entrapped in oyster shells, or
their fragmentary clusters (see Pl. 8, Fig. 3), but some may
occur loose in the sand as well. In oyster clusters, they also
appear in Member E.

The species, first noted by LomNICKT in 1897, and for-
mally established by FRIEDBERG (1921) upon specimens
from the Lwow area (=Lviv, see Text-fig. 1), has long
been regarded as endemic to this region, and confined to
shallow-marine sand facies (see FRIEDBERG 1921, pp. 6-7;
RADWANSKA & RADWANSKI 1984, p. 260). Recently, it has
also been reported from the St. Margarethen marls
(Badenian) of the Eisenstadt-Sopron Basin in Austria, by
ScuMmID & al. (2001, pp. 16-17).

Verrucid barnacles

Verrucid barnacles occur exclusively as epibionts of
oyster shells dispersed singly, or as fragmentary clus-
ters, in megacross-bedded sands of Member B. The
state of preservation of complete shells (all valves of the
crown, and opercular plates in position, see Pl. 8, Figs
1-2) and of the etchings they produce, are identical to
those from the littoral rubble facies of the Korytnica
Bay (see BALUK & RADWANSKI 1977; RADWANSKI 1977,
pl. 8c) and sublittoral sands at Nawodzice (see BALUK
& RADWANSKI 1968; RADWANSKI 1977, pl. 8a-b; locali-
ties K and N in Text-fig. 1). As with the Swiniary mate-
rial, it should be classed as a separate species,
close/ancestral to the extant Verruca stroemia (O.F.
MULLER, 1776).

As far as the authors know, such preservation state of
verrucid barnacles is exceptional in the Neogene of the
Tethys/Paratethys areas. Apart from Poland, it has only
been reported from the Pliocene of Sicily by SEGUENZA
(1874, pl. 4, figs 1-2 and pl. 5, fig. 1).

Callianassid decapods

Assigned to the activity of callianassid decapods are
burrows Ophiomorpha nodosa LUNDGREN, 1894, occur-
ring throughout the Swiniary sequence from Member B
to the lower part of Member D. In the latter, they are

more frequent than in the preceding members, but are
usually truncated more or less deeply by synsedimentary
erosion. The largest burrows, attaining over one metre in
length/depth, appear in the lower part of Member C,
where they often sculpted out of the sand cliffs by wind
(see PL. 9, Fig. 1).

Significant is the recovery of a well-preserved cal-
lianassid chela, entrapped in an oyster cluster from
Member D. This skeletal fragment (see Pl 9, Fig. 2) is
assigned to the species Callianassa pseudorakosensis
LORENTHEY & BEURLEN, 1929, one of the common cal-
lianassids reported from Miocene sequences of the
Pannonian Basin in Hungary (see LORENTHEY &
BEURLEN 1929, pp. 67-69 and pl. 2, figs 16-18; MULLER
1984, p. 52).

From the stated co-occurrence of callianassid skeletal
remains and burrows, the latter are consequently thought
to have been produced by this callianassid species to
which the skeletal parts belong, that is Callianassa
pseudorakosensis LORENTHEY & BEURLEN, 1929.

Non-ostreid bivalves

Briefly discussed here are small, thin-shelled, non-
ostreid bivalves; the number of taxa is circa twenty as list-
ed in previous reports (referenced in: RADWANSKI 1973a,
p.- 395). These are represented largely by multiribbed
scallops of a very confused taxonomy (see KRACH 1967,
PrzYBYSZEWSKI 1975). Isolated scallop valves are espe-
cially common in some layers of cross-bedded sands in
Member E. None of the non-ostreid bivalves recognised
supply detailed environmental data.

Oysters

Oysters are common components in almost the whole
section, from Member B up to Member E, to form exclu-
sively monospecific clusters of the species Neopycnodonte
leopolitana (NIEDZWIEDZKI, 1909). In former reports, this
oyster was referred to as “Ostrea cochlear PoL1 17957, an
extant species evidently congeneric, but distinct specifi-
cally (see NIEDZWIEDZKI 1909; RADWANSKI 1973a, p. 394;
PrzYBYSZEWSKI 1975; FRENEIX 1975).

In Member B, oyster clusters are fragmentary, rep-
resenting pieces of larger ones. In Members C-D, they
occur sporadically, to attain the largest size and diversi-
ty in Member E where they become abundant. Some of
these bear shells oriented radially, having grown freely
(unattached) when overturned and rolled by wave
action (see Pl. 8, Fig. 6; and RADWANSKI 1973a, pl. 5, fig.
2). Others were growing upwards (see RADWANSKI
1973a, pl. 5, fig. 1), having been either preserved in life
position, with shells oriented upwards, or overturned.
Those preserved in their original position attain the
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largest size of a half-metre across (see description of
Member E).

The species Neopycnodonte leopolitana, established
by NIEDZWIEDZKI (1909) for specimens from the Lwow
area (=Lviv, see Text-fig. 1), is typical of the sandy facies
extending along the Miocene shore from Lwow in the
Ukraine, through the Roztocze Hills, as far as the
Swiniary Sands in the west (see Text-fig. 1).

Rock-borers

The rock-boring activity of invertebrates is recognised
solely in oyster shells, particularly those from Member E.
Borings of the sponge, Cliona celata GRANT, 1826, and of
the polychaete, Polydora ciliata (JOHNSTON, 1838), are
here confined to some oyster clusters, but are absent from
others. The borings are identical to those reported from
the rocky coast, as well as from diverse molluscan shells
of all circumlittoral facies along the Holy Cross shores
(see RADWAKSKI 1969, 1970, 1977; BALUK & RADWANSKI
1977).

Sharks

Sharks are represented by isolated teeth which
occur rarely in cross-bedded sands of Member E. Most
of the specimens are preserved as crowns devoid of
roots, and only some are complete. These belong to
large-sized forms — the Mako (see Pl. 8, Fig. 5), Isurus
hastalis (L. AGassiz, 1843), and the Sand, Odontaspis
acutissima L. AGAssiz, 1843, both known from the
Leithakalk-type of facies (the Pificzow Limestone) in
the western part of the Holy Cross shores. At Pinczow
(locality P in Text-fig. 1), these co-occur with other
large-sized sharks (Notidanus, Galeocerdo, Hemipristis,
Carcharodon), skates, and teleost fish (RADWANSKI
1965b, 1974), as well as with the aberrant crocodile
Tomistoma, and mammals (sirenian Thalattosiren, del-
phinids and phocoenids, and baleen whales; see
CzYZEWSKA & RADWANSKI 1991).

EXOTIC COMPONENTS
Terrestrial amber

During sieving sands of Member B, some pieces of
amber have occasionally appeared. These pieces, sever-
al centimetres across, more or less rounded (see PL. 10,
Fig. 1), display a structure and colour which are well
comparable to that of some varieties of the world-
famous Baltic Amber of Eocene age. Conchoidal sur-
faces of some pieces have supposedly resulted from
cracking and fracturing of originally larger specimens,

as deduced from information supplied by sand-pit
workers who in the 1980s found an amber lump the size
of a human’s head.

The presence of fairly common pieces of amber in a
coeval sequence has previously been noted by
SaMsoNOwICZ (1934, p. 54) at Malice, near Me¢czennice
(locality M in Text-fig. 1), north of Swiniary, within the
frames of the Opatéw Bay (see RADWANSsKI 1970, fig. 2)
typified by widespread coastal swamps developed along
the Middle Miocene (Badenian) shores (see
RADWANSKI 1967, 1970, 1973a). A share of resin-pro-
ducing trees in the coastal flora of the mainland is thus
inferred, either for a nearby region, or eastwards, as far
as the Ukraine from where the potentially resiniferous
conifers were reported (see RADWANSKI & WYSOCKA
2001, p. 310).

Barite and ‘barite roses’

In many samples of sands from Member E there
occur reasonable amounts of barite, attaining a few per-
cent per weight of washing residue. Barite appears usual-
ly as tiny, single tabular crystals, more or less bevelled at
the edges to form almost rounded flakes, a few millime-
tres across. Larger crystals (over 3-4 mm in diameter)
either tend to form, or just compose, the so-called ‘barite
roses’ of isometric shape, attaining 10-15 millimetres in
diameter, and larger, irregular aggregates even more (up
to 20-25 mm).

The ‘barite roses’ are composed of several larger
“crested” crystals interwoven with quartz grains, and
impure with calcite inclusions (see Text-fig. 6); this, com-
bined with their greyish colour, gives a granular earthy
appearance to the roses (see Pl. 10, Fig. 2). Due to high
specific gravity of barite (G = 4.468), they accumulate
locally along the sand scree, after heavy rainfall in partic-
ular.

In cementations of Member D, barite forms micro-
aggregates of various sizes and shapes, all densely inter-
woven with sand grains (see Text-fig. 6/3-3a).

The presence of barite has not hitherto been report-
ed from any Middle Miocene (Badenian) sedimentary
sequence other than the Gypsum Member of the Fore-
Carpathian Depression. However, it is common in sul-
phur-bearing gypsum deposits of the region nearby
(Piaseczno-Tarnobrzeg; see PARAFINIUK 1987, 1989). In
the sequence of Swiniary Sands studied, in which the sul-
phur- and barium-yielding Gypsum Member is absent
(stratigraphical gap above the Sands; see Text-fig. 3), the
provenance of barite is thought to be diagenetic through
the regional percolation of vadose waters, late in the
Neogene and/or in the Quaternary up to the present, as
revealed by geochemical data (see PARAFINIUK 1987, and
1989, p. 54).
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Fig. 6. Barite from Swiniary Sands. 1 - ‘Barite rose’ from Member E (see Pl. 10, Fig. 2), taken x 4; 2 — Energy-dispersive spectrum of a ‘barite rose’ from Member E;

3-3a - Barite micro-aggregate from Member D: 3 — General view, 3a — Close-up (arrowed in 3), to show quartz grains sticking out of the aggregate

PHYSICAL PARAMETRES AND SEM IMAGES OF
SAND

An attempt to recognise the depositional pathway of
sand grains, from their mother rock to the burial site, was
undertaken in the 1990s through sedimentological analysis,
including SEM treatment (KENIG & WyYSOCKA 1996,
Wysocka 1999a). Quartz sands of Member C, the lowest
part of the sequence then exposed (1993-1994), had a uni-
form granulometric composition and lack of distinct
changes in grain-size parameters, the mean grain size
(Mz), and the sorting coefficient (o) including. The mean
grain size varies from 2.25 to 2.5 ¢, which qualifies the
sands as fine-grained; the sorting coefficient varies from 0.3
to 0.68, i.e. within the range typical of well- to very-well-

sorted deposits. The mineral content of sands is uniform,
with only small amounts of heavy minerals, muscovite, and
feldspar. The fraction below 0.25 mm reaches less than
10% of content, and is composed of organic detritus,
quartz grains, as well as calcite and barite aggregates.

In SEM analysis, quartz sands of Member C are typi-
fied by their surface characters pointing to a short trans-
port from the source area. They are associated with grains
pointing to a shore environment, and bearing few fea-
tures of chemical origin. The sample yields an abundance
of polished grains and those with V-shaped subaqueous
pits (Text-fig. 7.1-7.1a), typical of a high-energy shore
environment (see KRINSLEY & DOORNKAMP 1973).

The Member E reveals a smaller amount of rounded
grains, those with a polished surface, and arch-shaped sub-
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aqueous pits (Text-fig. 7.2-7.2a). Instead, partially rounded
grains prevail and fractured ones are also present. Both
types of grains are characterised by a frosted surface. On
sharply edged grains, originating from conchoidal frac-
tures, traces of surface dissolution and precipitation start
to appear. Even very smooth conchoidal fractures are cov-
ered with a silica precipitation dust. Etching forms are
either concordant with crystallographic directions, or
irregular. The increase of frosted grains in samples from
the topmost part of Member E points to an advance of
chemical corrosion (see KRINSLEY & DOORNKAMP 1973).

Cementation bodies of very fine-grained quartz sands
in Member D contain 7 to 50% of calcite. Angular or
poorly rounded quartz grains are characterised primarily
by features pointing to the etching processes of their sur-

faces. Mechanic fractures, rarely present, are indicative of
the shorezone (see KRINSLEY & DOORNKAMP 1973). Thin-
section analysis reveals a lack of contacts, or single quartz
grain contacts in calcite matrix in which there also occur
barite micro-aggregates (Fig. 6.3-6.3a). The low content of
magnesium (0.05 to 0.30%), and particularly of strontium
(25 to 61 ppm), in the calcite matrix unequivocally points
to fresh or mixed pore waters saturating the sediment dur-
ing subsequent diagenesis (see KENIG & WYSOCKA 1996).
The diagenetic processes connected with the evolution of
calcite cement and the dissolution of quartz grains took
place with variable intensity. Some parts of the cemented
bodies are poorly lithified (p<1.8 g/cm?), but the majority
are strongly lithified, with bulk density ranging from 2.06
to 2.46 g/cm3 (RUTKOWSKI 1976).

10 pm

Fig. 7. Microtextures of quartz grains. 1-1a — Fractured rounded grain, polished; Member C: 1 — General view, 1a — Close-up of another side, to show large

V-shaped pits and arch-shaped incisions, 2-2a - Rounded grain, polished; Member E: 2 — General view, 2a — Close-up (arrowed in 2), to show arch-shaped

incisions, densely distributed on the grain surface
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In conclusion, the physical features of quartz grains
in the Swiniary Sands were apparently produced by
hydrodynamic agents prevailing under moderately to
extremely shallow marine conditions, and no share of
continental (fluvial, and/or aeolian) processes may be
detected. It is thus apparent that neither river load
(deltaic including), nor coastal dunes may be indicated as
a direct source of sand.

The recognised succession of quartz-grain surface
features testifies to an evolution in a sedimentary envi-
ronment, from a high-energy one, with a distinct influ-
ence of the shorezone characterised by stable physico-
chemical conditions and little aggressiveness to quartz
grains, to an environment more aggressive chemically to
quartz grains. An interpretation of this succession is given
under the following heading.

DEPOSITIONAL ENVIRONMENT

The sands in the lower part of the Swiniary sequence
accessible at deeper excavations to expose Member A,
are typified by a mass occurrence of the echinoid
Psammechinus dubius (L. AGAssiz, 1840), accumulated
throughout irregular layers. Those echinoid-bearing are,
as a rule, weakly cemented, which is obvious from their
destruction at occasional gusts of wind. All echinoids are
jumbled together in haphazard positions (see PI. 3, Figs 1-
2). In some thinner layers, positions of echinoids on the
top surface, and inverted on the sole (see Text-fig. 5 and
Pls 4-5), show that some were dead, but others still alive,
when the layer was deposited. Such taphonomic premises
indicate that the echinoids, and associated starfish, were
caught from their habitats and transported in a huge mass
of sand, from which the live specimens could only occa-
sionally escape. Storm-induced transportation and wide-
spread deposition over the offshore bottom are thus pos-
tulated for successive layers/sand bodies of Member A.

In Member B, the occurrence of some biota unknown
from other members is significant. These are red-algal
balls (rhodoliths), disciniscan brachiopods, and verrucid
barnacles. Of these, the rhodoliths have evidently been
formed in the photic zone, most probably in shallow
embayments along the shore, as in the western part of the
Holy Cross Mountains (see RADWAKNSKI 1969). The ver-
rucid barnacles were as yet known from extremely shal-
low depths decreasing to almost nil (see BALUK &
RADWANSKI 1968, 1977). Similar bathymetric conditions
are inferred for the disciniscan brachiopods, especially
those recognised in the Oligocene and Miocene
sequences of Europe (see RADWANSKA & RADWANSKI
1984, 1989, 2003). Taking a uniformitarian approach into
account, there is the case of present-day intertidal popu-
lations of Discinisca strigata (BRODERIP, 1834) which show

a preference for protected (cryptic) habitats (see PAINE
1962; RADWANSKA & RADWANSKI 1989, p. 76). For
Discinisca leopolitana, clusters of empty oyster shells were
such refuges which they successfully sheltered in. All the
biota discussed are thought to have been derived from
eulittoral, or extremely shallow subtidal, habitats to which
terrestrial amber was sometimes also supplied. The
megacross-bedded unit, they are embedded in, is conse-
quently interpreted as reflecting violent storm input,
which has supposedly formed a tempestite avalanche pro-
grading towards the open offshore. Because of temporary
access to these deposits, the spatial extent of the stormy
input could not be recognised. After storm waning, the
freshly settled sand layers were dwelt by callianassid
decapods, to produce burrows Ophiomorpha nodosa
LUNDGREN, 1894.

The frequency of Ophiomorpha nodosa, from the first
specimens in Member B, increases upwards the
sequence, having been controlled by shallowing in the
water column. Bathymetric conditions at shallow depths
are the same as discussed earlier (RADWANSKI 1970, pp.
384-386), following a classic report by WEIMER & HoyT
(1964).

Horizontally bedded sands of Member C are indica-
tive of deposition under low-energy conditions, fairly dis-
tant from stormy stirring-up. Suggested is that the distal
tempestites, thus vertical settling from the water column,
were responsible for burial of echinoids in life position,
to create an unforgettable scenery of former days (see Pl.
2, Figs 2-3).

A notable feature of Member D is the presence of
calcareous cementations which contain diverse shell
debris absent from the loose sands. The cross-bedding of
loose sands is not engulfed by cementations, which
remains intact by currents. On the other hand, some
cementations are sculptured by well-developed symmet-
ric oscillation ripples, preserved on their top surfaces. All
these data clearly indicate a synsedimentary origin for the
cementations, and not epigenetic, as suggested earlier
(see Czapowskl 1976, KENIG & WyYsoCcka 1996,
Wysocka 1999a). The cementation process occurred
during very early diagenesis, to follow formation of
megaripples, and it was simultaneous with sedimentation
around. An analogy to present-day beachrocks is thus
impressive, although these have long been reported as
intertidal, and confined to carbonate beaches of low lati-
tudes (see GINSBURG 1953, GISCHLER & LOMANDO 1997,
GIsCHLER 2003). The rapidity of intertidal lithification to
form beachrocks, and their synsedimentary fracturing in
the surf zone have not escaped from earlier observation
(see GINSBURG 1953, p. 85).

In the above context, it is important to stress that
HERDMAN (1906) had even earlier observed in the Gulf of
Manaar in Ceylon, identical cementations formed in the
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intertidal zone (locally) to offshore depths of 6-9 fathoms
(11 to 16 metres). At these depths, cementations (called
paars) are intermittently either covered, or swept out of
the sand, to be rapidly overgrown by pearl oysters (see
HErRDMAN 1906, pp. 110-111). The cementations in
Member D of the Swiniary Sands are thought to have
been formed under sublittoral bathymetric conditions,
not having been exposed to disruption in the surf zone.
Nevertheless, their composition and structure are almost
identical to those of the present-day beachrocks.

Finely tabular, unimodal cross-bedded sands of
Member E are typified by the presence of diverse fossils,
particularly clustered oysters Neopycnodonte leopolitana
(NIEDZWIEDZKI, 1909), polychaetes Serpula subpacta
ROVERETO, 1903, and indeterminate bryozoans (see Pl.
2, Fig. 1). Most of such clusters are fragmentary, having
been torn out of larger ones by high-energy agents, and
only the largest oyster clusters are in situ. Notable is the
occurrence of isolated teeth of large-sized sharks, Isurus
and Odontaspis, probably derived from turbulent shal-
lows where their skeletons disarticulated. The green alga
Neomeris and numerous scallop valves could have been
derived from such nearshore depths. Shallow depths are
also inferred from the fine unimodal cross-bedding
which may be ascribed to the action of rip currents (see
GRUSZCZYNSKI & al. 1993, pp. 222-223, fig. 5) originated
at the beach zone. The permanent presence of such
cross-bedding, the damage of skeletons and clusters, and
their redeposition, indicate the highest energy, thus the
shallowest, environment of all members in the Swiniary
sequence.

To summarise, the section formerly exposed at
Swiniary sand-pit (Members A — E, see Text-fig. 3) repre-
sents a shallowing-up sequence, with sediments ranging
from deeper offshore to proximal sublittoral, possibly
shallow subtidal settings. The source of sand is suggested
to have been established along the shore of a rather flat
topography, where quartz freed from weathering prod-

ucts of fine old-Palaeozoic clastics. The weathering of the
Palaeozoic basement has progressed through the earlier
Tertiary (after Laramide uplift by the Cretaceous decline;
see RADWANSKI 1969, 1973a) until the Middle Miocene
(Badenian) sea transgression.

The sequence studied makes up the upper part of the
Swiniary Sands, the total lithosome being about twice as
thick (see PAWLOWSKI 1965, WYSOCKA 1999a) as revealed
by borehole data. The original depth of the basin, when
the basement was tectonically stabile, may be estimated
for the basal part of the lithosome (never exposed) in the
order of 30-40 metres, well comparable to that of the
Korytnica Bay in the western part of the Holy Cross shore
(see BALUK & RADWAKSKI 1977, p. 89).

The shallowing-up trend of the basin, leading to the
emersion in the Korytnica Bay situated just at the
shore, and to a stratigraphical gap in the Swiniary
sequence deposited off the shore, has been ascribed
(RADWANSKI 1973a, b) to geotectonic uplift of the Holy
Cross Mountains, then embraced into the Carpathian
fore-bulge arch, i.e. the northerly frame of the Fore-
Carpathian Depression (=Carpathian foredeep). The
syndepositional tectonics (block-faulting, throwing
down southwards) then advanced has recently been
documented by borehole data (Wysocka 1999a, p. 385
and fig. 5).

FINAL DIAGENESIS AND EPIGENESIS

Diagenetic processes in the Swiniary Sands are mani-
fested by: (i) Complete removal of aragonitic skeletons
(‘taphonomic filter’ of NEBELSICK 1995), except those
contained in cementations of sands in Member D; (ii)
Pressure-solution (=pitting) processes that caused a
heavy sand armour to many fossils, echinoderms in par-
ticular; (iii) Fracturing of some synsedimentary (early dia-
genesis) cementations of sands in Member D.

Fig. 8. A final farewell to the Swiniary Sands: the present-day (June 16, 2003) status of Swiniary sand-pit, now a local football ficld
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Late epigenetic processes, acting possibly through to
the Holocene, introduced native sulphur and barite to the
Swiniary Sands. Their concentrations are confined to
Member D and E, thus to the topmost part of the
sequence exposed to weathering and percolation of
vadose waters. Chemical corrosion of quartz grains,
revealed in SEM analysis, may be ascribed to the aggres-
sion of such waters. Where native sulphur concentrates
usually along fractures of cementations, aggregates of
barite are locally borne in the cementations themselves.
Local concentrations of limonite, either within the loose
sands, or along the cracks in cementations, should be
attributed to late epigenetic to present-day processes.

A FAREWELL

The present-day state of the sand-pit (see Text-fig. 8)
does not allow for any further access to the Swiniary
Sands. All that is left of this spectacular section is the
material contained in the various museum and university
collections. Let us treasure these. It is thus a time to say:
A farewell to the section and its ubiquitous fossils, the
echinoderms in particular!
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1 — Swiniary sand-pit in the early 1970s: Member D is well exposed, Member C scree-covered (see Text-fig. 3, and compare RADWAKSKI 1973a, pl. 3, fig. 1);
Collage, photo by R. FRIBORG in CHRISTENSEN & al. (1973)
2 — Swiniary sand-pit in the carly 1990s: Exposed above pond level is the upper portion of Member C, Members D-E, and overlying greyish-black coloured
Upper Badenian clays (see Text-fig. 3) which conflicted with sand exploitation; Photo by A. Wysocka, 1993
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1 - Member E as exposed in the early 1970s: Fine tabular cross-bedded sand with small clusters of oysters (a), bryozoans (b), and serpulids (c); compare
RADWANSKI (1973a, pl. 4, fig. 1, and 1973b, fig. 65); 2 — Member C exposed in the early 1970s: Visible are clay/silt interbeddings (arrowed) and a partly
wind-exposed test of Psammechinus dubius (L. AGassiz, 1840) with part of its spine canopy and Aristotle’s lantern preserved; 3 — An irregular accumu-
lation of tests of Psammechinus dubius (L. AGASSIz, 1840) in Member C, and its close-up to actual size (Fig. 3a), to show the spine canopies preserved

almost completely in position (adopted from: RADWANSKI 1973a, pl. 6, figs 1-2)
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1

1-2 - Larger-sized specimens of Psammechinus dubius (L. AGAssiz, 1840) occurring jumbled in top parts of weakly cemented sand layers of Member A

(top views): Visible are spine-coated tests oriented at random, and heavily armoured with sand grains due to pressure-solution processes, x 1.5
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topside

Average-sized specimens of Psammechinus dubius (L. AGAssIz, 1840) at the top surface of a weakly cemented sand layer of Member A: Many specimens
are in life position, contrary to those preserved at the sole of the same layer (see P1. 5 and an interpretation: Text-fig. 5); nat. size; taken from RADWANSKI
(1973a, pl. 7)
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bottomside

The sole of the same echinoid-bearing layer (see Pl. 4 and an interpretation: Text-fig. 5) with average-sized specimens of Psammechinus dubius

(L. Acassiz, 1840): Most of the specimens are overturned to display their aboral side in a bottom view of the slab; nat. size
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1a-1b — Spatangus austriacus LAUBE, 1871, from Member D: 1a — Aboral view, 1b — Oral view, to show fragmentary spine canopy; nat. size
2a-2b — Lump of heavily cemented sand body from Member D, to present a specimen of ‘Giant Psammechinus sp.” and several specimens of Psammechinus

dubius (L. AGAssIz, 1840) representing various age groups. Same specimen as illustrated by MACHALSKI (1996, photo on p. 23); nat. size
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1 — Ophiuroid ?Amphiophiura sp. cemented to aboral side of a Spatangus test from Member D; re-figured from PRzYBYSZEWSKI (1975, pl. 10, fig. 4); outlined

with ink, X c. 6; visible is a heavy armour of sand grains, 2 — Starfish Astropecten forbesi HELLER, 1858, in a group of jumbled specimens of Psammechinus dubius

(L. Acassiz, 1840) from Member A (see PRzYBYSZEWSKI 1975, pl. 10, fig. 3); aboral view, x 1.5; visible is a heavy armour of sand grains, 3 — Another specimen
of Astropecten forbesi HELLER, 1858, from Psammechinus-bearing cemented sand of Member A (see PRzYBYSZEWsKI 1975, pl. 10, fig. 1); oral view, x 1.5
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1 - Group of verrucid barnacles Verruca sp. encrusting an oyster shell: most of the specimens are preserved completely, with opercular plates in position,
Member B, x 3, 2 — Another group of Verruca sp. encrusting an oyster shell: most of the verrucid crowns are devoid of opercular plates; Member B, x 3,

3 — Inarticulate brachiopod Discinisca leopolitana (FRIEDBERG, 1921): a dorsal valve adhering to an oyster shell; Member B, x 3, 4 — Rhodolith — an algal ball of
colonies of the red alga Lithothamnion sp.; Member B, nat. size, 5a-5b — Tooth of the shark Isurus hastalis (L. AGAssIz, 1843): 5a — lingual view, 5b — labial view;
Member E, nat. size, 6 — Cluster of oysters Neopycnodonte leopolitana (NIEDZWIEDZKI, 1909) with shells grown in all directions; Member E, nat. size
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1

1 - One of the largest burrows Ophiomorpha nodosa LUNDGREN, 1894, from the lower part of Member C (sands with clay/silt interbeddings), 2 — Right chela

with the movable finger closed (outer view) of Callianassa pseudorakosensis LORENTHEY & BEURLEN, 1929; Member D, x 3



ACTA GEOLOGICA POLONICA, VOL. 54 A. RADWANSKI & A. WYSOCKA, PL. 10

1 - Pieces of amber from Member B; note conchoidal fractures of pieces and their overall appearance comparable to that of the Baltic Amber of Eocene age,

2 - ‘Barite roses’ from sands of Member E; note a granular earthy appearance of rounded, ‘crested’ barite crystals interwoven with sand grains




