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Abstract: Thirteen ichnotaxa were determined from Upper Cretaceous red deep-water marly deposits of the Pie-
niny Klippen Belt. Most of the ichnofossils occur in thin beds of fine-grained sandstone and mudstone, and the
marls alternating with them, of the Macelowa Marl Member. Tubular forms of Planolites type are prevalent there,
accompanied by Zoophycos which are restricted to the marls. Less commonly occurring ichnogenera are: Subphyllo-
chorda, Scolicia, Taphrhelminthopsis, Spirophycus, Sabularia, Buthotrephis and Cylindrychnus. The low diversity assemb-
lage is explained here by the little food storage in well oxygenated sediments and the soupy consistency of the
sediment. Brick-red marls of the Pustelnia Marl Member are totally bioturbated and contain no identifiable trace
fossils. This is a result of a very low rate of sedimentation, connected with the cohesionless nature of the sediment
which decreased the potential for burrow preservation.

Abstrakt: Oznaczono 13 ichnotaksonéw w czerwonych glebokowodnych osadach gornej kredy w pienifiskim
pasie skalkowym. Wigkszos$¢ ichnofauny wystepuje w drobnoziarnistych piaskowcach i mulowcach oraz w prze-
lawicajacych je marglach. Przewazaja tam slady Planolites, a towarzysza im $lady Zoophycos, ktére z kolei sa domi-
nujacym ichnotaksonem w marglach. Zespét ichnofauny jest slabo zréznicowany, co autor tiumaczy mala
zawarto$cia pokarmu w dobrze natlenionych osadach dennych oraz ptynna (“soupy”) konsystencja dna. Ceglasto-
czerwone margle nalezace do ogniwa margli z Pustelni sa zbioturbowane catkowicie i nie zawieraja ichnoskamie-
nialosci. Jest to efektem bardzo wolnego tempa sedymentadii i niskiej kohezji osadéw, ktéra zmniejszala potencjat
zachowania $ladéw organizméw w osadzie.
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INTRODUCTION

Trace fossils are found in sandstones, mudstones
and some types of the red marly deposits belonging
to the Macelowa Marl Member (Upper Cretaceous) in
the Polish part of the Pieniny Klippen Belt (Birken-
majer, 1959, 1963a; Ksiazkiewicz, 1958, 1970; Rad-
wanski, 1978). They have not been analysed from a
palaeoecological view point, so far.

Trace fossils were studied in ten sections of the
Macelowa Marl Member, belonging to the Pieniny,
Branisko and Niedzica successions (Fig. 1). Addition-
ally, two sections in the Pustelnia Marl Member, be-
longing to the Czorsztyn Succession, have been
analyzed.

The deposits of the Macelowa Marl Member are
Turonian through Santonian in age (Alexandrowicz,
1966; Birkenmajer and Jednorowska, 1983, 1984). The
Pustelnia Marl Member represents the Upper Ceno-
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manian through Lower Maastrichtian age (cf. Birken-
majer, 1963b; Alexandrowicz, 1966, 1975; Jednoro-
wska, 1979).

LITHOLOGY

The Upper Cretaceous red deep-water carbonate
strata in the Pieniny Klippen Belt have been grouped
in two lithostratigraphic units (Birkenmajer, 1977): the
Macelowa Marl and the Pustelnia Marl members (Fig.
2) of the Jaworki Formation. The Macelowa Marl
Member, 10 - 50 m thick, is represented by cherry-red
marls and marly limestones with thin intercalations
of greenish and bluish calcareous mudstones and
sandstones (Birkenmajer, 1977).

Marls are the dominant lithology in this member
(about 35% of the whole thickness; Fig. 3). They are
predominantly strongly cemented, in beds 3-7 cm
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Fig.1. A - Position of the Pieniny Klippen Belt (P.K.B.) in the Carpathians (after Birkenmajer, 1977, simplified); B — Location of the
investigated sections of the Macelowa Marl and Pustelnia Marl members (geological sketch after Birkenmajer, 1977, simplified); I — flysch
deposits of the Magura Nappe, 2 - flysch deposits of the intramontane Podhale Basin, 3 — tectonic boundaries of the Pieniny Klippen
Belt (P.K.B.), 4 — locations of the investigated sections; Pieniny Succession: Ni - Niedziczanka stream (section XVIII on Fig. 13 in Alexan-
drowicz, 1966), M — Macelowa mountain near Sromowce Wyzne (section 36A on fig. 7G in Birkenmajer, 1977), Sz — Szewcéw Gronik
near Sromowce Nizne (fig. 2 in Birkenmajer, 1984), Or ~ Dunajec valley near Orlica turist hut (section VIIB on fig. 7 in Alexandrowicz,
1966); Branisko Succession: Sr — Dunajec valley near Sromowce Wyzne (section XIII on fig. 11 in Alexandrowicz, 1966), Bi — Biala Woda
valley; Niedzica Succession: K — Kosarzyska valley (section XIX on fig. 13 in Alexandrowicz, 1966), B — Bukowiny mountain near Jaworki
(section IVA on fig. 2 in Alexandrowicz, 1966); Czorsztyn Succession: L - Lorencowe Klippen near Krempachy (section XXVIA on fig. 26
in Alexandrowicz, 1966), C — Czerwona Klippe near Dursztyn (section XXV on fig. 23 in Alexandrowicz, 1966)

A —Pozydja pieniriskiego pasa skalkowego (P.K.B.) w Karpatach (Birkenmajer, 1977, uproszczono); B — Lokalizacja badanych profili osadéw
ogniwa margli z Macelowej oraz ogniwa margli z Pustelni (szkic geologiczny na podstawie Birkenmajera, 1977, uproszczono); 1 — osady
fliszowe ptaszczowiny magurskiej, 2 — osady fliszu podhalariskiego, 3 — granice tektoniczne pieniriskiego pasa skatkowego (P.P.S), 4 -
lokalizacja badanych profili; sukcesja pienifiska: Ni — potok Niedziczanka (profil XVIII na fig.13, Alexandrowicz, 1966), M - Macelowa
Géra kolo Sromowiec Niznych (profil 36A na fig. 7G, Birkenmajer, 1977), Sz — Szewcéw Gronik kolo Sromowiec Niznych (fig. 2, Birken-
majer, 1984), Or — dolina Dunajca kolo schroniska gérskiego pod Orlica (profil VIIB na fig. 7, Alexandrowicz, 1966); sukcesja braniska: Sr
~ dolina Dunajca kolo Sromowiec Wyznych (profil XIII na fig. 11, Alexandrowicz, 1966), sukcesja niedzicka: K — dolina Kosarzyska (profil
XIX na fig. 13, Alexandrowicz, 1966), B — wzgérze Bukowiny kolo Jaworek (profil IVA na fig. 2, Alexandrowicz, 1966), Bi — dolina Bialej
Wody (profil IlIA na fig. 2, Alexandrowicz, 1966); sukcesja czorsztyriska: L — Lorencowe Skalki koo Krempachéw (profil XXVIA na fig.
26, Alexandrowicz, 1966), C — Czerwona Skala kolo Dursztyna (profil XXV na fig. 23, Alexandrowicz, 1966)

thick, disintegrating into large irregular fragments
upon weathering. The second group comprises platy
marls in beds up to 4 cm thick, susceptible to
weathering. The third group contains wavy-lami-
nated marls, 1 -3 cm thick, sometimes with elongated
intraclasts of greenish sandy mudstones. Sporadi-
cally, thin layers (1-5 mm) of inoceramid calcite
prisms underlie the laminated marls towards the top

of the sections.

Marly limestones comprise about 25% of the
whole member. They are thin-bedded to thick-bedded
(mean thickness: 8.8 cm, maximum: 43 cm). The con-
tent of calcium carbonate varies from 52 to 75 percent.
The marls usually contain agglutinated foraminiferal
assemblage with characteristic taxa Bulbobaculites
problematicus Neagu and Uvigerinammina  jankoi
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Fig.2.  Age and mutual relationship of Upper Cretaceous lithostratigraphic units in the Pieniny Klippen Belt, Poland (after Birkenmajer

& Jednorowska, 1987);

St. Mb. - Siltstone Member, BGM - Bukowiny Gravel Member, ASB — Altana 3hale Bed, LCB - Lorencowe Chert Bed, M. Sh. Mb. —

Malinowa Shale Member

Majzon. Some marls represent a pelagic foraminiferal
(Marginotruncana - Dicarinella - Globotruncana) micro-

facies (Alexandrowicz, 1966; Alexandrowicz et al.,

1968a; Birkenmajer and Jednorowska, 1983, 1984).

Mudstones comprise about 22 percent of the mem-
ber. They occur in very thin-bedded layers, most of
them homogenous. Rarely, they are horizontal or
cross laminated. Some beds contain chaotically dis-
tributed inoceramid calcite prisms.

The sandstones comprise about 18 percent of the
examined member. Most beds are 0.5-1 cm thick

(maximum: 13 cm). Horizontal and cross lamination
is more common than in the mudstones. The sand-
stones and mudstones are strongly calcareous (20 -
45% CaCOQOg).

The Pustelnia Marl Member is represented by
brick-red marls, strongly cleaved, devoid of clastic in-
tercalations. The marls contain 60 - 83 percent CaCOs.
Two types of marls are expressed in the sections by
different weathering. The first type are thin-bedded
and medium-bedded marls, which weather into platy
fragments. The second type includes strongly cemen-
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Fig. 3.

General lithological characteristics of the Macelowa mountain section (M in Fig. 1), Pieniny Succession;
S - sandstone, M - mudstone, Lm - marly limestone, Mr — marl

Charakterystyka litologiczna profilu osadéw ogniwa margli z Macelowej na stokach Macelowej Géry (M na Fig. 1), sukcesja pieniriska;
S — piaskowce, M — mulowce, Lm - wapienie margliste, Mr — margle
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Planolites ichnosp.
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Sabularia tenuis

Fucusopsis angulata

Fucusopsis annulata

Buthotrephis ichnosp.
Cylindrichnus ichnosp.
Zoophycos ichnsp.
Scolicia plana

Subphyllochorda striata

Subphyllochorda granulata

Taphrehelminthopsis ichnosp. I I

Fig.4. Index of ichnotaxa with relation to sediment type, time of
deposition, toponomy and ethology

Indeks ichnotaksonéw na tle typu osadéw, czasu depozycji, topo-
nomii i etologii

ted marls falling into angular sharp-edged fragments
and show rare black spots and manganese dendrites.
Inoceramid shell fragments are common. The rocks
are part of a pelagic foraminiferal (Marginotruncana -
Dicarinella - Globotruncana) microfacies (Birkenmajer,
1963b; Alexandrowicz, 1975; Alexandrowicz et al.,
1962, 1968b; Jednorowska, 1979). The member is 30 -
40 m thick (Birkenmajer, 1977).

ICHNOFOSSIL ASSEMBLAGE

Thirteen ichnospecies were found in analysed sec-
tions of the Macelowa Marl Member. Most of the ich-
nofossils occur in the alternating fine-grained
sandstones, mudstones and red marls. Tubular traces
of Planolites and Sabularia occur predominantly in
sandstones and mudstones. Red marls contain abun-
dant Zoophycos ichnosp. Graphoglyptids and meande-
ring trace fossils are absent except for a single
Taphrhelminthopsis.

Most of the ichnofossils are post-turbidite (Fig. 4).
This is emphasized by disturbances of the intrastratal
sedimentary structures or mechanical hieroglyphs.
With regard to toponomy (Martinsson, 1970), hypich-
nial and endichnial traces prevail (Fig 4). Abundant
Sabularia and Planolites (Fig. 5) occur in sandstone and
mudstone beds, most commonly as endichnial and

Fig. 5.
bed (b) (Niedzica Succession, Kosarzyska valley)

Hypichnial Planolites on sole of a mudstone (a) and a marl

Hypichnialne $lady Planolites na spagu lawicy mulowca (a) i mar-
gla (b) (sukcesja niedzicka, dolina Kosarzyska)

hypichnial traces. Zoophycos (Fig. 6), which is numer-
ous in the marls, belongs to endichnia.

It is interesting to note that trace fossils from ich-
nogenera Subphyllochorda and Scolicia have been
found only in the slump deposits of the Niedzica Suc-
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Fig. 6.

Endichnial Zoophycos in marls (Niedzica Succession, Bukowiny mountain)

Endichnialne $lady Zoophycos w obrebie tawic margli (sukcesja niedzicka, wzgérze Bukowiny)

cession (Kosarzyska section) and in the deposits of a
high concentration sediment gravity flow (Pieniny
Succession - Macelowa-Osice section, Szewcdw
Gronik section).

Tiny, spherical (diameter: 0.5 -2 mm) trace fossils
that have not been classified occur both at the top and
bottom of the sandstone and mudstone beds (Fig. 7).

Ichnofossils are also visible in thin sections of the
marls. The cross-section of a 2 cm thick marl bed
(sample Bi.W.-2; Fig. 8) shows a network of vertical
and horizontal micro-channels (3 - 8 mm long and 0.3
-1 mm wide) of an undetermined trace fossil. An-
other section (sample Mac-42) shows very small ver-
tical traces (? Skolithos ichnosp.).

The trace fossil assemblage described above occurs
in deposits of the Macelowa Marl Member. Deposits
of the Pustelnia Marl Member are totally bioturbated
and contain no identifiable trace fossils.

DISCUSSION

Four criteria have been considered in interpreta-
tion of the palacoenvironmental conditions of the
trace fossils: 1) diversity, 2) diameter, 3) tiering, 4)
ichnofabrics.

Diversity of ichnofossil assemblage

The tubular traces, attributed to Planolites assemb-
lage, are common in all environments (cf. Crimes,
1977; Ekdale & Berger, 1978; Turner et al., 1981;
Ekdale and Bromley, 1984; Crimes and Anderson,
1985).

The same concerns Zoophycos ichnosp., numerous
in the marls. Zoophycos has been found in littoral to
deep-water deposits (Pudsey, 1983) of Early Paleozoic
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2cm

Fig.7. Undetermined tiny ellipsoidal and spherical traces (e) on
the sole of a thin mudstone bed (Pieniny Succession, Niedziczanka
stream)

Male elipsoidalne i sferyczne $lady (e) na spagu cienkiej lawicy
mutowca (sukcesja pieniriska, potok Niedziczanka)

to Recent age. Producers of these traces inhabited
nearly all environments in Late Cretaceous time,
however they have been described mostly from strata
deposited below the shelf edge (Bottjer et al., 1988).
The En level in sediment was probably the main fac-
tor controlling the distribution of Zoophycos. These
traces are found in deposits enriched in organic mat-
ter (Bromley, 1990). According to Miller (1990) produ-

Fig.8. Network of vertical and horizontal microtraces (vertical
thin section of marl bed - Bi.W.-2/92; Branisko Succession, Biala
Woda valley)

Sie¢ pionowych i poziomych mikroichnosladéw (plytka cienka z
lawicy margla zorientowana pionowo Bi.W.-2/92; sukcesja niedzi-
cka, dolina Bialej Wody).

cers of Zoophycos were oportunists and tolerated wide
range of conditions. On the other hand, Zoophycos is
common in very fine-grained deposits, e.g. marls or
chalks, reflecting selective penetration of these de-
posits (Simpson, 1970; Plicka, 1970; Bromley, 1990).
Zoophycos is represented by helicoidal and planar
traces. Helicoidal traces were described from deep-
water environments (Pudsey, 1983; Eyles et al., 1992).
Those found in the studied deposits are both helicoi-
dal and planar (Figs 9 and 10), but the helicoidal ones,
with 4 -5 coils, prevail. They probably reflect longer
periods of pelagic sedimentation, uninterrupted by
turbidity currents.

Other ichnofauna is rather scarce in the Macelowa
Marl Member. Taphrhelminthopsis ichnosp. occurs as
casts on a sole of a mudstone bed in the Pieniny Suc-
cession (only two poorly preserved traces were
found).

Subphyllochorda and Scolicia ichnosp. (Figs. 11 and
12) were found — as mentioned above — in a group of
slump and dense gravity mass-flow strata, together
with Inoceramus shells. The inoceramids from these
deposits were determined by Krobicki (1992) as shal-
low-water Placunopsis and interpreted by him as re-
deposited by drifting plants. In the present author’s
opinion, the densly packed inoceramid shells (Fig. 13)
represent a fragment of organogenic limestone (Fig.
14), redeposited downslope from a shallower part of
the basin together with echinoids — the producers of
the Subphyllochorda and Scolicia traces (cf. Smith and
Crimes, 1983; Uchman, 1990). This may be the reason
why Subphyllochorda and Scolicia are very rare in the
studied deposits.
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Fig.9.
bed B-6/91; Niedzica Succession, Bukowiny mountain)

Helicoidal traces Zoophycos (vertical thin section of marl

Helikoidalne $lady Zoophycos (ptytka cienka z lawicy margla zo-
rientowana pionowo B-6/91; sukcesja niedzicka, wzgoérze Bukowi-
ny).

However, the same trace fossils are abundant in
overlying deposits of the Sromowce Formation (Rad-
wanski, 1978). This is probably the effect of the
change in the consistency of the basin floor: firm-
ground during deposition of the Sromowce Forma-
tion, and soupground or softground sensu Ekdale
(1985) during the Macelowa Marl Member sedimen-
tation.

Most of the present and fossil infaunal echinoids
belonging to spatangoids — producers of the Sub-
phyllochorda and Scolicia — penetrate both sandy and
muddy seafloor (cf. Maczynska, 1968; Goldring and
Stephenson, 1970; Lehman and Hillmer, 1989; Kudre-
wicz, 1992). However, the traces of penetration in un-
consolidated muddy sediment can be destroyed by
later infauna (see, e.g. Goldring and Stephenson,
1970).

Another, simpler, hypothesis explaining the lack
of Subphyllochorda and Scolicia is that their producers
did not inhabit this part of the Pieniny Klippen Basin.
This is supported by the fact that echinoid spines
occur only sporadically in the studied deposits and
they are probably redeposited. The spines are abun-
dant in the Pustelnia Marl Member, representing a
shallower part of the basin according to Birkenmajer
(1963b) and Alexandrowicz (1975).

Most of the ichnofauna belong to pascichnia (Fig
4). Next in frequency are fodinichnia. Agrichnia and
repichnia are very rare. According to Ekdale (1985)
such ethologic assemblage is characteristic of deep-
water conditions, low rate of sedimentation, and fine-
grained sediments, sporadically supplied with sand
by turbidity currents. A similar assemblage of ichno-
fossils was documented from deep-water Cretaceous

Fig.10. Planar traces Zoophycos (Z) and Sabularia tenuis (St) (thin
section of red marl Kos-19/93; Niedzica Succession, Kosarzyska
valley).

Slady planarne Zoophycos ichnosp. (Z) i Sabularia tenuis (Sy) (ptytka
cienka z lawicy margla Kos-19/93; sukcesja niedzicka, dolina Ko-
sarzyska).

and Cenozoic carbonate deposits by Ekdale and
Bromley (1984).

The association of trace fossils in deposits of the
Macelowa Marl Member is very similar in all Pieniny
Klippen Belt successions (Fig. 15). The same was ob-
served by Radwarnski (1978) in the overlying Sro-
mowce Formation.

The deposits of the Pustelnia Marl Member are de-
void of trace fossils but are completely bioturbated.
Similar examples were described by Leszczynski and
Uchman (1993) from Palaeogene variegated shales of
the Outer Carpathians. This fact is due to a shortage
of food which was concentrated in the uppermost
layer of sediment only (Leszczynski and Uchman,
1993; Thompson et al., 1989). This layer inhabited by
most of the infaunal species (Bromley, 1990) was to-
tally bioturbated. Additionally, the sediment may
have been cohesionless and thus have a low potential
for trace fossil preservation (Ekdale, 1980; Leszczy-
nski and Uchman, 1993). The turbidite mudstones
and sandstones overlying the pelagic marls of the Ma-
celowa Marl Member are devoid of graphoglyptids,
probably for the same reason (cf. Leszczynski, 1993a).

Diameter of trace fossils

The sizes of infaunal organisms decrease with de-
creasing concentration of dissolved oxygen in bot-
tom-water (Rhoads and Morse, 1971). A similar
suggestion was presented for the sizes of trace fossils,
which change together with the change in the level of
oxygen in the bottom-water and sediments (Bromley
and Ekdale, 1984; Ekdale, 1985; Savrda and Bottjer,
1987a, 1989a, 1989b; Leszczyniski, 1991a).
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Fig.11. Abundant Subphyllochorda traces in the upper part of a marl bed (a, b - Pieniny Succession, Macelowa mountain; ¢, d — Pieniny
Succession, Szewcéw Gronik section).

Liczne §lady z ichnorodzaju Subphyllochorda w gornej czesci lawicy margla (a, b — sukcesja pieniriska, Macelowa Géra; ¢, d — sukcesja
pieniriska, Szewcéw Gronik).
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ichnogenera are much narrower in
other marls (mean diameter: 2.5 mm),
especially in medium bedded marls
(Fig. 16).

It is rather difficult to relate this re-
lationship to reduced oxygen levels,
because of the red colour of the marls
which is interpreted as evidence of
well oxygenated bottom water. How-
ever the En level in pore water may
change, e.g. according to the frequency
of turbidity current supply of well-
oxygenated water (cf. Bromley and
Ekdale, 1984; Savrda and Bottjer,
1989b; Leszczynski, 1992). Moreover,
the replacement of oxygen in sedi-

Fig.12.  Scolicia ichnosp. (Sc) in the upper part of a marl bed (Pieniny Succession,

Macelowa mountain).

Scolicia ichnosp. (Sc) w gérnej czesci lawicy margla (sukcesja pieniriska, Macelowa

Gora).

The burrow diameters of the simple, tubular traces
in the studied deposits show wide differences. The
traces of Planolites-type, including Sabularia, Planolites,
Fucusopsis, Buthotrephis are the widest (mean
diameter: 5.5 mm) in the turbidite sandstones and
mudstones or in directly overlying marls. The same

Fig.13. Densely packed inoceramid shells (? Placunopsis sp.) as
fragments of organogenic limestone (Pieniny Succession, Macelowa
mountain).

Gesto upakowane skorupki inoceraméw (? Placunopsis sp.) jako

fragment wapienia organogenicznego (sukcesja pieniriska, Macelo-
wa Goéra).
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ments is restricted under certain depth
in sediment because of porosity reduc-
tion and progressive cementation (e.g.
Seilacher, 1978; Leszczyriski, 1991a,
1992).

It seems that nutrient distribution
was the factor which controlled the
body size of benthic organisms in the Macelowa Marl
Member. The red colour is considered to reflect a low
amount of organic material in sediment inhabited by

Fig.14. Model of preservation of the Subphyllochorda and Scolicia
traces: A — echinoids transported with organogenic limestone by
gravity-mass currents (#) and slump (sl); B — Scolicia (Sc) and Sub-
phyllochorda (Sb) traces, after deposition from gravity-mass currents
and slump.

Model zachowania sladéw z ichnorodzaju Subphyllochorda i Scolicia:
A - jezowce transportowane z fragmentami wapienia oraganoge-
nicznego przez prady grawitacyjne (f) i osuwisko podmorskie (sl);
B — $lady Scolicia (Sc) i Subphyllochorda (Sb) po depozyciji.
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ICHNOTAXA
ichnotaksony

Spirophycus
Planolites

Sabularia
Fucusopsis
Buthotrephis
Cylindrichnus
Zoophycos

Scolicia
Subphyllochorda
Taphrehelminthopsis

Pieniny
Succession
sukcecja pienirfiska

Branisko
Succession
sukcesja braniska

Niedzica
Succession
sukcesja niedzicka

rare

rzadki

Fig.15. Frequency of ichnofauna in the studied sections of the
Pieniny Klippen Belt (trace fossils in the Czertezik and Czorsztyn
successions have not been found); frequent — more than 100 traces,
rare — several traces.

Czestosé wystepowania ichnofauny w badanych profilach pieniri-
skiego pasa skalkowego (skamienialosci $ladowe w sukcesji czerte-
zickiej i czorsztyriskiej nie zostaly znalezione); czesty — ponad 100
$ladéw, rzadki — kilka Sladéw.

an indigent and small community (Thompson et al.,
1985; Wetzel, 1991; Leszczyniski, 1993b).

Sedimentary structures and microfauna of the red
marls suggest their predominantly turbidite origin.
Only a few, very thin beds are purely pelagic in
origin. Tests of foraminifers — probably the main
source of food — are rare in the turbidite marls. Thus,
the food shortage restricted the size to which trace
fossil-producing organisms could grow with excep-
tion of forms revealing selective feeding strategy, e.g.
producers of Zoophycos. When nutritive sandy or
muddy turbidity currents occurred frequently, the sca
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Fig.16. Frequency of maximum diameter of Planolites-type traces
in turbidite sandstone, mudstone (s & m) and marl beds (mrl), me-
asured in the each bioturbated bed of the Macelowa mountain sec-
tion, Pieniny Succession.

Czestoéé maksymalnej $rednicy $ladéw typu Planolites w turbidy-
towych piaskowcach, mulowcach (s & m) i lawicach margli (mrl),
pomierzona w kazdej zbioturbowanej fawicy w profilu Macelowa
Gora, sukcesja pieniriska. .

floor was inhabited by both, large and small benthic
fauna.

Trace fossil tiering

Benthic organisms occupy different niches that are
distributed at various distances above and below the
sediment/water interface. This vertical partitioning of
organisms is called tiering and has been described
from different lithologies representing all environ-
ments (e.g. Seilacher, 1978; Ekdale, 1985; Ekdale &
Bromley, 1984; Bromley & Ekdale, 1986; Savrda &
Bottjer, 1989b; King, 1987; Leszczynski, 1991b, 1992;
Tyszka, 1994).

Trace fossil tiering is well developed in the studied
deposits (Fig. 17). The pre-turbidite traces on sand-
stone soles are represented by Taphrhelminthopsis and
Spirophycus (Fig. 18). Abundant Planolites and Sabula-
ria occur in sandstone and mudstone layers. Fucusop-

marls
margle

Q

sandstones
mudstones

piaskowce
mulowce

Fig.17. Model of trace fossil tiering in sandstone, mudstone and
marl of the Macelowa Marl Member; T — Taphrhelminthopsis, S —
Spirophycus, F — Fucusopsis, P — Planolites, B — Buthotrephis, C —
Cylindrichnus, Z - Zoophycos, St — Sabularia tenuis, Sc — Scolicia,
Sb — Subphyllochorda, S1 — Skolithos.

Model pietrowego ulozenia ichnofauny w lawicy piaskowca, mu-
lowca i margla w ogniwie margli z Macelowej; T — Taphrhelmint-
hopsis, S — Spirophycus, F — Fucusopsis, P — Planolites, B -
Buthotrephis, C — Cylindrychnus, Z — Zoophycos, St — Sabularia te-
nuis, Sc¢ — Scolicia, Sb — Subphyllochorda, S1 — Skolithos.
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Fig.18. Epichnial Spirophycus traces (S) on top of mudstone (Nie-
dzica Succession, Bukowiny mountain).

Epichnialne Slady Spirophycus (S) na stropie lawicy mutowca (su-
kcesja niedzicka, wzgdrze Bukowiny).

sis, Buthotrephis or Cylindrichnus may also appear
(Figs 19 and 20). The upper tiers are represented by
tiny spherical forms (Fig 7). In marly deposits, the
deepest tiers are occupied by Zoophycos or very thin
Sabularia tenuis (Fig. 21). Zoophycos traces are crossed
by small Planolites. Higher up large Planolites or Sabu-
laria appear. They are filled with sand or mud from
the overlying turbidites. Scolicia and Subphyllochorda
appear sporadically in marls. The highest tiers, occur-
ring towards the tops of the marls are represented by
small vertical traces (? Skolithos ichnosp.) or network
horizontal and vertical forms (? Teichichnus ichnosp.).

The tiering reflects mainly different levels of pene-
tration of various groups of ichnofauna (Ekdale &
Bromley, 1983; Ekdale, 1985; Bromley & Ekdale, 1986;
Droser & Bottjer, 1988; Savrda & Bottjer, 1989a, 1989b;
Leszczynski, 1991b; Tyszka, 1994). Maximum depth
of penetration depends on (Ekdale, 1985): (i) amount
of food, (ii) oxygen content and iii) consistency (litho-
logy). The first factor (food) determined the vertical
partitioning of the trace fossils in the studied deposits.
Sandy or muddy turbidities supplied more food than
the marly flows. Thus, the greater diversity of ichno-
fossils is found in sandstones and mudstones. The
second important factor was sediment consistency:
too soft — “soupground” (Ekdale, 1985) — or too hard
- “firmground” and “hardground”. No examples of
hardground have been found in the Macelowa Marl
Member, but there are indications (flattened Planol-
ites) that the tops of layers were soft (Fig. 22).

The third of the tiering factors - oxygen content -
is rather less significant. The red colour of the marls,
the greenish or bluish colour of the sandstones and
mudstones indicate that they were well oxygenated
(Wilson, 1975). Only one layer of dark mudstone (1
cm thick) was found in the studied sediments. It was

Fig. 19.

Fucusopsis ichnosp. (f) on sole of a sandstone bed (Niedzi-
ca Succession, Bukowiny mountain).

Fucusopsis ichnosp. (f) na spagu lawicy piaskowca (sukcesja niedzi-
cka, wzgobrze Bukowiny).
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Fig.20. Endichnial Buthotrephis ichnosp. (b) in thin sandstone bed
(Branisko Succession, Sromowce Wyzne).

Endichnialne §lady Buthotrephis ichnosp. (b) wewnatrz lawicy pias-
kowca (sukcesja braniska, Sromowce Wyzne).

strongly bioturbated and overlain by a 15 cm thick
layer of turbidite marls. It would appear from this
relationship that the rapid deposition of the marls
stopped the penetration of organisms into the mud
and oxygenation of organic matter. The recent obser-
vations of epifauna and infauna on the central Cali-
fornia continental margin (Thompson et al., 1985)
provide information about the microfauna distribu-
tion relative to the concentrations of dissolved
oxygen. According to Thompson et al. (1985) small (1
- 2 mm) soft-bodied infauna disturb sediment even in
dysaerobic conditions (0.1-0.3 ml/1 Oz). The colour
of these sediments is usually black or dark-grey. Cal-
careous macrofauna may inhabit sea floor or pene-
trate sediment when the oxygen content is above 0.3
ml/1. The turbidites could change the chemistry of the
bottom water and preasumbly erode dysaerobic sedi-

Fig.21. Endichnial traces of ?Sabularia tenuis in marl bed (vertical
thin section B-40/93, Niedzica Succession, Bukowiny mountain).

Endichnialne élady ?Sabularia tenuis w tawicy margla (ptytka cienka

zorientowana pionowo B-40/93, sukcesja niedzicka, wzgérze Buko-
winy).

ments (Savrda & Bottjer, 1987a, 1987b; D’ Alessandro
et al., 1986).

Ichofabrics

Ichnofabrics in sediments reflect environmental
changes in the basin (see Ekdale & Bromley, 1984;

2 em

Fig.22. Flattened Planolites ichnosp. from mudstones and sand-
stones of the Macelowa Marl Member.

Splaszczone élady Planolites ichnosp. z fawic piaskowcédw i mulow-
céw ogniwa margli z Macelowej.
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Bromley & Ekdale 1986; Wetzel, 1987). Variations in
ichnofabrics may reflect differences in the rate of se-
dimentation, as shown by Droser and Bottjer (1987)
in shallow-water carbonate deposits, and by Wetzel
(1987) in deep-water hemipelagic sediments. Ichno-
fabrics are presented as levels of bioturbation, deter-
mined on the basis of visual scales. The scales are
made for both pelagic and turbidite deposits with re-
gard to different ichnofauna assemblages (Droser &
Bottjer, 1987).

Informations about the thickness of bioturbated
beds in the Macelowa Marl Member were taken from

%

1 2 3 4 5 <5
cm
Fig.23. Frequency of bioturbated beds related to their thickness,
measured in the Macelowa mountain section, Pieniny Succession.

Czestoé¢ lawic zbioturbowanych w obrebie poszczegdlnych klas
miazszosci, pomierzona w profilu Macelowa Gora, sukcesja pieniri-
ska.

the stratotype exposure at the Macelowa mountain
near Sromowce Wyzne. Most of the bioturbated tur-
biditic sandstone and mudstone layers are less than 2
cm thick (Fig. 23). They comprise 15 percent of the
beds in the studied section. The frequency of biotur-
bated marls is impossible to determine due to ad-
vanced weathering. Trace fossils in the marls can only
be observed in thin-sections. Macroscopic observa-
tions are possible when the traces are filled with ma-
terial of different fraction or colour than the host
sediment. The thickness of bioturbated marls, ob-
served macroscopically, rarely exceeds 3 cm. How-
ever, two horizons of medium bedded marls (about
15 cm thick) are completely bioturbated and covered
by turbidite sandstones. These marls contain intra-
clasts of mudstone and are also of turbiditic origin.

Bioturbation in some sections of the Macelowa
Marl and Pustelnia Marl members has been analysed
using the visual scale of bioturbation proposed by
Droser and Bottjer (1987). Both, macroscopic and
microscopic observations were used.

Carbonate-rich marls of the Czorsztyn Succession
are characterized by the 5th and 6th level of biotur-
bation — homogenous sediments (Fig. 24a). Conse-
quently, elongated calcite prisms of inoceramids
occurring in these deposits are distributed chaotically.
This ichnofabrics document a very low sedimentation
rate.
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Fig.24. Examples of bioturbation in deposits of: a — Pustelnia Marl Member; Czorsztyn Succession, Czerwona Klippe — homogenous
sediment; b-c: Macelowa Marl Member; Pieniny Succession, Macelowa mountain section; b — strongly bioturbated deposits, ¢ — slightly
bioturbated deposits; 1- 6 degree of bioturbation; 1 — marl and marly limestone; 2 — mudstone; 3 — sandstone

Przyklady stopnia bioturbacji w osadach: a — ogniwo margli z Pustelni; sukcesja czorsztyriska, Czerwona Skala — osad homogeniczny; b,
¢: ogniwo margli z Macelowej; sukcesja pieniriska, Macelowa Géra; b — osady silnie zbioturbowane, ¢ — osady slabo zbioturbowane; 1-
6 stopieri bioturbacji; 1 — margiel i wapieri marglisty; 2 - mulowiec; 3 ~ piaskowiec
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Other examples of ichnofabrics, characteristic of
the Niedzica, Branisko and Pieniny successions are
presented in Fig. 24b, c. Two lithologically similar sec-
tions of turbidite sediments exhibit different levels of
bioturbation: from very high (Fig. 24b) to very low
(Fig. 24c). This may reflect various frequency of tur-
bidity currents. Longer breaks between turbidity cur-
rents allowed settlement of infauna. In contrast, when
the frequency of turbidity currents was high, the mac-
rofaunal population had worse conditions for survi-
val.

CONCLUSIONS

Trace fossils in the Upper Cretaceous red deep-
water deposits of the Pieniny Klippen Belt form a low
diversity assemblage. The tubular forms of Planolites
type are prevalent, accompanied by Zoophycos which
is restricted to the marls. This is explained by a short-
age of food in the well oxygenated sediments. The
amounts of food were the lowest in the calcareous
muds which were inhabited by infauna reduced in
size, or by organisms selectively reworking the sedi-
ment (producers of Zoophycos). Soft consistency of the
sediments could be another factor that controlled (re-
stricted) the penetration of macrobenthos. This con-
sistency is confirmed by the presence of compressed
horizontal burrows at some levels. The deposits of the
Pustelnia Marl Member are devoid of trace fossils be-
cause of the cohesionless consistency of the sediment,
which decreased their potential for burrow preserva-
tion.

The rate of sediment accretion changed during the
deposition of the Macelowa Marl Member. This is re-
flected by a change in the intensity of bioturbation
and trace fossil tiering. Highly bioturbated layers,
with 4 -5 coiling Zoophycos represent phases of low
rate of sedimentation. In contrast, higher rates of se-
dimentation due to intermittent fine clastic deposition
by diluted turbidity currents, restricted the possibility
of the sediment reworking by infauna. Such condi-
tions were more frequent during the deposition of the
higher part of this member.

The Pustelnia Marl Member was deposited very
slowly, as is confirmed by its complete bioturbation.
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Streszczenie

Skamienialosci §ladowe i ichnostruktura w czerwonych,
glebokowodnych osadach gérnej kredy w pienifiskim
pasie skatkowym, w Polskich Karpatach

Krzysztof Bak
Piaskowce, mulowce oraz niektére odmiany margli nalezace do

ogniwa margli z Macelowej (turon-santon) w polskiej czesci pie-
niriskiego pasa skatkowego charakteryzuje obecnosé skamienialosci
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Sladowych. Byly one wzmiankowane we wczeéniejszych pracach
dotyczacych tych osadéw (Birkenmajer, 1959, 1963a; Ksiazkiewicz,
1958, 1970; Radwariski, 1978) ale nie stanowily one przedmiotu an-
alizy pod katem ich przydatnosci w rozwazaniach na temat pa-
leoekologii basenu skatkowego.

Autor zebrat kilkadziesiat okazéw skamieniato$ci sladowych z
osadéw ogniwa margli z Macelowej oraz dokonal obserwaciji ich
rozmieszczenia w analizowanych profilach, nalezacych do sukcesji:
pieniriskiej, braniskiej oraz niedzickiej (Fig. 1). Ponadto w bada-
niach ichnostruktury osadéw uwzgledniono dwa profile serii
czorsztyniskiej nalezace do ogniwa margli z Pustelni (gérny ceno-
man - dolny mastrycht).

Ogniwo margli z Macelowej (Fig. 2) tworza wisniowoczerwone
margle i wapienie margliste z przelawiceniami zielonych i niebies-
kich mutowcéw i piaskowcéw wapnistych (Birkenmajer, 1977).
Miazszo$¢ ogniwa wynosi od 10 do 50 m. Cechy teksturalne giow-
nych litotypéw ogniwa w odslonieciu stratotypowym prezentuje
rycina 3. Margle zawieraja bogaty zespél otwornic aglutynujacych
z charakterystycznymi gatunkami Bulbobaculites problematicus
Neagu i Uvigerinammina jankoi Majzon. Niektére z odmian margli
reprezentuja mikrofacje pelagiczne (Alexandrowicz, 1966; Birken-
majer & Jednorowska, 1983, 1984). Ogniwo margli z Pustelni (30 -
40 m miazszosci) to silnie weglanowe (60 -83% CaCO3) ceglasto-
czerwone margle, pozbawione wkladek klastycznych. Bogaty zes-
pot planktonu otwornicowego (Marginotruncana - Dicarinella -
Globotruncana) wskazuje na ich pelagiczna geneze (np. Birkenmajer,
1963b; Jednorowska, 1979).

W badanych profilach ogniwa margli z Macelowej oznaczono
13 ichnogatunkéw (Fig. 4). Wiekszos¢ z nich pochodzi z cienkola-

wicowych piaskowcéw i mulowcéw oraz z przelawicajacych je
czerwonych margli. lloSciowo przewazaja wéréd nich élady proste
z rodzaju Planolites i Sabularia (Fig. 5), ktére dominuja w piaskow-
cach i mulowcach. Margle sa bogate w $lady z rodzaju Zoophycos
(Fig. 6). Stwierdzono tylko slady sieciowate i meandrujace, poza
pojedynczymi, z rodzaju Taphrhelminthopsis. Interesujacy jest fakt,
ze Slady z rodzaju Subphyllochorda i Scolicia znaleziono jedynie w
stropie pakietu osuwiskowego w serii niedzickiej (profil Kosarzy-
ska) oraz w osadach gestych splywéw grawitacyjnych w serii pie-
niniskiej (profile: Macelowa-Osice i Szewcéw Gronik). Niektére ze
$ladow nie zostaly zaklasyfikowane do zadnego z ichnotaksonéw
(Fig.7). Obserwacje sladéw prowadzono réwniez w plytkach cien-
kich skat (Fig. 8-10).

W interpretacji warunkéw srodowiska depozycji osadéw za-
siedlonego przez organizmy bedace producentami sladéw wzieto
pod uwage: 1) zréznicowanie zespotu skamieniatosci §ladowych, 2)
srednice $ladéw, 3) pietrowe rozmieszczenie sladéw w przekroju
przez warstwe (tiering), 4) ichnostrukture.

Dominacja §ladéw prostych, typu Planolites, nie wskazuje na
Zadne cechy paleo$rodowiska. Sa one bowiem znane ze wszystkich
srodowisk (np. Crimes, 1977; Ekdale & Berger, 1978; Turner et al.,
1981; Ekdale & Bromley, 1984; Crimes & Anderson, 1985). To samo
dotyczy $ladéw z rodzaju Zoophycos, bardzo licznych w marglach
(por. Pudsey, 1983; Bottjer et al., 1988). Wéréd Zoophycos wystepuja
formy helicoidalne, opisywane ze Srodowisk glebokomorskich oraz
planarne (Pudsey, 1983; Eyles et al., 1992). Te znalezione w bada-
nych osadach sa zaréwno helicoidalne jak i planarne (Fig. 91 10),
jakkolwiek $lady helikoidalne, z 4-5 zwojami przewazaja. Ich
obecnosé $wiadezy prawdopodobnie o okresach diuzszej sedymen-
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tacji pelagicznej.

Rzadkos¢ sladéw z rodzaju Subphyllochorda i Scolicia (Fig. 11 i
12) autor thumaczy ich specyficznym sposobem powstania. Jezowce
- producenci tych $ladéw - zostaly prawdopodobnie przemiesz-
czone w gestym pradzie zawiesinowym lub osuwisku podmor-
skim. Wydostajac sie na powierzchnie osadu i poruszajac sie po niej
zostawily slady (Fig. 14).

Wiekszos¢ ichnofauny nalezy do pascichnia (Fig. 4). Drugie w
czestosci wystepowania sa fodinichnia. Agrichnia i repichnia sa
bardzo rzadkie. Wedlug Ekdale (1985) taki zespol etologiczny jest
charakterystyczny dla warunkéw gltebokomorskich, o niskim tem-
pie sedymentacji i dnie pokrytym drobnoziarnistym materialem,
sporadycznie dostarczanym z pradéw zawiesinowych.

Opisany zesp6t ichnofauny jest bardzo podobny we wszystkich
sukcesjach skalkowych pieniriskiego pasa skalkowego (Fig. 15).

Osady ogniwa margli z Pustelni sa pozbawione skamienialosci
$ladowych, natomiast sa catkowicie zbioturbowane. Ten fakt jest
spowodowany przez ubdstwo pokarmu, skoncentrowanego w
najwyzszej czesci osadu (Leszczyrniski & Uchman, 1993), a zamiesz-
kiwanej i penetrowanej przez wiekszo$¢ infauny (Bromley, 1990).
Dodatkowo niska kohezja osadu nie sprzyjala zachowaniu sie
$lad6w dzialalnosci zyciowej organizméw (Ekdale, 1980; Leszczy-
fiski & Uchman, 1993). Prawdopodobnie nieobecno$é¢ graphoglipti-
déw w osadach ogniwa margli z Macelowej mozna wytlumaczyé
w ten sam sposéb.

Analizy poréwnawcze rozmiaréw organizméw (i $lad6éw, ktére
zostawiaja) w zaleznosci od stopnia natlenienia srodowiska, w kt6-
rym zyja wykazaly, Ze zmieniaja sie one wraz ze zmianami stopnia
natlenienia wéd i osadu (np. Bromley & Ekdale, 1984; Savrda &
Bottjer, 1987a, b, 1989a, 1989b). W osadach ogniwa margli z Ma-
celowej réwniez zaobserwowano duze zmiany Srednicy Sladéw,
szczegdlnie dla pospolicie wystepujacych form prostych. Slady
typu Planolites (zaliczono tu: Sabularia, Planolites, Fucusopsis, Butho-
trephis) sa najwieksze (Srednio 5,5 mm srednicy) w osadach piasz-
czystych i mutowcowych pochodzenia turbidytowego oraz w bez-
posrednio podscielajacych je marglach. Natomiast okazy tych sa-
mych ichnogatunkéw sa duzo mniejsze (Srednio 2.5 mm srednicy)
w marglach pozbawionych wkladek piaszczystych. Wydaje sie, ze
ilos¢ pokarmu miata wplyw na zmniejszanie sie $rednicy $ladow
(rednicy organizméw mutozernych). Czerwony kolor osadéw jest
uwazany za dowéd niskiej zawartosci materii organicznej w osad-
zie (Thompson et al., 1985; Wetzel, 1991; Leszczyriski, 1993a). W
osadach o przewadze sedymentacji pelagicznej pozywienia wys-

13 — Annales Societatis...

tarczalo jedynie dla matych osobnikéw za wyjatkiem form wyspec-
jalizowanych w selektywnym sposobie zerowania, np. producen-
tow Zoophycos. Gdy zas czeste byly epizody dostaw materii
organicznej z pradéw zawiesinowych wyzywi¢ mogla sie duza jak
i mala epi- i infauna.

Organizmy bentoniczne zamieszkuja zaréwno ponizej jak i
powyzej powierzchni osad /woda. To pietrowe rozmieszczenie or-
ganizméw oraz ich sladéw (tiering) byto opisywane z réznych osa-
déw reprezentujacych prawie wszystkie srodowiska (np. Seilacher,
1978; Ekdale, 1985; Ekdale & Bromley, 1984; Bromley & Ekdale,
1986; Savrda & Bottjer, 1989b, King, 1987; Leszczyriski, 1991b, 1992,
Tyszka, 1994). W badanych osadach ogniwa margli z Macelowej
pietrowos¢ ichnodladéw jest bardzo wyrazna (Fig. 17). Maksymalna
glebokos¢ zerowania zalezy przede wszystkim od ilosci pozywie-
nia w osadzie, zawartosci tlenu i twardosci (konsystencji) dna
(Ekdale, 1985). Decydujacym czynnikiem warunkujacym stratyfi-
kacje sladéw w badanych osadach byla ilo$¢ pozywienia. Drugim
w kolejnosci czynnikiem ograniczajacym mozliwosé zerowania i se-
lekcjonujacym organizmy zerujace mogla byé¢ konsystencja dna.
Splaszczone wypelnienia sladoéw z rodzaju Planolites $wiadcza o
miekkiej konsystencji dna sensu Ekdale (1985).

Struktura zbioturbowanych osadéw jest jednym z elementéw
analizy warunkéw sedymentacyjnych w basenie (Ekdale & Brom-
ley, 1984, 1986; Wetzel, 1987). Jej interepretacja moze pokazaé
zréznicowanie tempa sedymentacji (Droser & Bottjer, 1988; Wetzel,
1987). Jest ona prezentowana jako stopnie bioturbacji, okreslone na
podstawie wizualnych skal. Wykorzystujac skale wizualna zapro-
ponowana przez Droser i Bottjer (1987) przedstawiono przykiady
stopnia bioturbacji osadéw z badanych profili (Fig. 24). Silnie we-
glanowe margle z sukcesji czorsztynskiej (Fig. 23a) charakteryzuja
si¢ piatym i széstym stopniem bioturbacji (osad homogeniczny).
Nawet wydluzone krysztaly kalcytu pochodzace z muszli inoce-
raméw sa rozmieszczone chaotycznie. Taka ichnostruktura do-
kumentuje bardzo niskie tempo sedymentacji. Inne przyklady
ichnostuktury, charakterystyczne dla sukcesji pieniriskiej, braniskiej
i niedzickiej przedstawiono na rycinie 24b i c. Dwa litologicznie
podobne odcinki profilu, reprezentujace sedymentacje turbidytowa
wykazuja rézny poziom bioturbadji: od bardzo wysokiego (wiek-
szo$¢ lawic zbioturbowana — Fig. 23b) do bardzo niskiego (poje-
dyncze lawice zbioturbowane - Fig. 23c). Moze to odzwierciedlaé
rézna czestosé depozycji osadéw z pradéw zawiesinowych i zwia-
zana z tym rézna mozliwos$é przezycia czy zasiedlenia dna przez
makrofaune.




S

.

o S i e A
i L L




