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We pro vide the first re ports of some rare trace fos sils from the mid dle Turonian (Up per Cre ta ceous) of the Sudety Moun tains
(SW Po land, Up per Nysa K³odzka Graben, D³ugopole Górne Quarry). These in clude bur rows ?Ancorichnus isp.,
Asterosoma cf. ludwigae Schlirf, 2000, Asterosoma isp., cf. Phycodes isp., Dactyloidites ottoi (Geinitz, 1849), Funalichnus
strangulatus (Fritsch, 1883), Phycodes cf. palmatus (Hall, 1852), cf. Phycodes isp., Phycosiphon incertum Fischer-Ooster,
1858, ?Phycosiphon isp., Planolites beverleyensis (Bill ings, 1862) and bor ings Entobia isp. Some body fos sils, bi valves
?Brachidontes sp., Lima canalifera Goldfuss, 1836, Pinna (Pinna) cretacea (Schlotheim, 1813) and Rhynchostreon
suborbiculatum (Lamarck, 1801) are also re ported. The trace fos sil as sem blage in di cates a dis tal Skolithos ichnofacies and
prox i mal Cruziana ichnofacies, which char ac ter ize a prox i mal and dis tal lower shoreface set ting re spec tively. Sed i men ta tion 
of the mid dle Turonian sand stones took place in a shal low epicontinental sea of nor mal sa lin ity and a soft sub strate, which
was well-ox y gen ated un der low-mod er ate hy dro dy namic con di tions. The pres ence of the oys ter Rhynchostreon in the de -
pos its stud ied sug gests the in flu ence of a warm Tethys Ocean.
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INTRODUCTION

Mid dle Turonian sand stones are ex posed in the west ern
part of the Up per Nysa K³odzka Graben, in the vi cin ity of the
D³ugopole Górne (D³ugopole-Zdrój Syncline, see Don and
Gotowa³a, 2008; Figs. 1–3). The Up per Nysa K³odzka Graben
is one of the Late Cre ta ceous bas ins, to gether with the
Saxonian, Danubian (Ba varia), Bo he mian, Intra-Sudetic and
North Sudetic bas ins in Cen tral Eu rope, lo cated around the
Mid-Eu ro pean Is land, which sep a rates the tem per ate Bo real
Realm in the north from the warm Tethyan Prov ince in the south 
(Janetschke et al., 2015; Niebuhr and Seibertz, 2018; Fig. 1).
Sed i men ta tion, in these closely con nected mar ginal bas ins of
the shelf sea, com menced dur ing the Cenomanian and con tin -
ued up to Coniacian or Santonian (cf. Voigt et al., 2008; Niebuhr 
and Seibertz, 2018 and ref er ences therein).

The Up per Nysa K³odzka Graben is one of the youn gest
units in the Sudetes, Po land, which orig i nated in the late
Turonian–early Coniacian (see Wojewoda, 1997). The sand -
stones stud ied be long to so-called Quadersandstein

megafacies (see Chrz¹stek, 2013a and ref er ences therein).
Gen er al ized sedimentological and tec tonic data on sand stones
from D³ugopole Górne Quarry were re ported by Don and
Wojewoda (2004), and trace fos sils by Chrz¹stek (2013a).
Sedimentological and ichnological data and in ter pre ta tions of
the cor re la tive Radków Sand stones in the Intra-Sudetic
Synclinorium were given by Jerzykiewicz and Wojewoda
(1986), Wojewoda (1997) and Rotnicka (2005).

The newly found trace fos sils (11 ichnogenera, 21
ichnospecies; 8 pre vi ously un known from the study area), in -
clude the bur rows ?Ancorichnus isp., Asterosoma cf. ludwigae
Schlirf, 2000, Asterosoma isp., Dactyloidites ottoi (Geintz,
1849), Funalichnus strangulatus (Fritsch, 1883), Phycodes cf.
palmatus (Hall, 1852), cf. Phycodes isp., Phycosiphon incertum
Fischer-Ooster, 1858, ?Phycosiphon isp., Planolites
beverleyensis (Bill ings, 1862) and bor ings Entobia isp. help in -
fer the con di tions of de po si tion of these sand stones. More over,
Curvolithus sim plex Buatois, Mángano, Mikuláš and Ma ples,
1998, Ophiomorpha nodosa Lundgren, 1891, Thalassinoides
paradoxicus Ken nedy, 1967, Thalassinoides suevicus (Rieth,
1932) and ?Thalassinoides isp., known ear lier from the study
area, have been also re corded (Ta ble 1). A large swol len cham -
ber (turn around, 21 cm in length) of an ophiomorid
(Thalassinoides) has been also found.

Ad di tion ally, the body fos sils ?Brachidontes sp., Pinna
(Pinna) cretacea (Schlotheim, 1813) and Rhynchostreon
suborbiculatum (Lamarck, 1801) pro vide new palaeo -
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nvironmental and palaeo geo graphi cal data. Dactyloidites and
Funalichnus, rare trace fos sils, are pre vi ously un known from
the Up per Cre ta ceous of the Up per Nysa K³odzka Graben.
These ichnotaxa were de scribed from equiv a lent de pos its of
ad ja cent ar eas (Czech Re pub lic and Ger many) by Pokorný
(2008), Pokorný and Bažant (2011), Wilmsen and Niebuhr
(2014a) and Niebuhr and Wilmsen (2016). The other
ichnospecies, Funalichnus bhubani Tiwari, Rajkonwar, Patel,
2013 has been re ported from the lower–mid dle Mio cene of In -
dia by Tiwari et al. (2013). These trace fos sils are good
palaeonvironmental in di ca tors due to their re stricted en vi ron -
men tal ranges (see Uchman and Pervesler, 2007; Wilmsen
and Niebuhr, 2014a). Other newly found trace fos sils, such as
?Ancorichnus isp. (a very rare form, see Uchman and
Krenmayr, 2004), Asterosoma cf. ludwigae, Asterosoma isp.,
Phycodes cf. palmatus, cf. Phycodes isp., Phycosiphon
incertum, ?Phycosiphon isp. and Planolites beverleyensis, as
well as ac com pa ny ing body fos sils, also pro vide new in for ma -
tion on palaeonvironmental con di tions dur ing sed i men ta tion of
the middleTuronian sand stones. Asterosoma and Dactyloidites 
have been re cently re corded in the Up per Nysa K³odzka
Graben from the late Coniacian (Idzików Quarry; Chrz¹stek,
2020), and Planolites from mid dle Turonian lime stones (Stara
Bystrzyca Quarry; Chrz¹stek, 2012). Other trace fos sils re -
ported here, e.g., ?Ancorichnus isp., Funalichnus strangulatus,
Phycodes cf. palmatus, Phycosiphon incertum and bor ings
Entobia isp. have not been pre vi ously de scribed from the Up per 
Nysa K³odzka Ba sin.

This pa per de scribes the trace fos sils col lected so far, es pe -
cially the pre vi ously un known taxa (8 new ichnogenera).
Palaeo eco logi cal study of the as so ci ated body fos sils (bi valves) 
are also used in palaeoenvironmental anal y sis. Ad di tion ally, the 
trace and body fos sil as sem blage from the Up per Nysa K³odzka 
Graben is com pared, in ichnotaxonomical com po si tion with
other Up per Cre ta ceous as sem blages from ad ja cent bas ins,
e.g. the Sax ony Cre ta ceous Ba sin (Elbe Group, Ger many),
Danubian Cre ta ceous Group (Ba varia, Ger many), Bo he mian
Cre ta ceous Ba sin (Czech Re pub lic) and North Sudetic and
Intra-Sudetic bas ins (Po land; Fig. 1). Some sedimentologic and 
palaeogeographic con clu sions are also drawn, e.g., the style of
de po si tion of the suc ces sion stud ied and fau nal in ter changes
be tween the North Tem per ate Realm and Tethyan Realm at the 
be gin ning of the mid dle Turonian.

GEOLOGICAL SETTING

The study was con ducted in D³ugopole Górne Quarry, in
which mid dle Turonian sand stones are ex posed (Figs. 2 and 3). 
The Up per Cre ta ceous de pos its of the Up per Nysa K³odzka
Graben are com posed of de tri tal de pos its: si li ceous-cal car e ous 
mudstones, cal car e ous mudstones, sand stones, sandy lime -
stones and spongiolites (Wojewoda, 1997; Don and Wojewoda, 
2005; Don and Gotowa³a, 2008), up to 1200 m in thick ness. In
the Cenomanian, and mid dle and up per Turonian, the
Quadersandstein megafacies ap pears (see Chrz¹stek, 2013a).
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Fig. 1. Palaeogeographic map of the Sudetes re gion show ing lo ca tion of the Up per Cre ta ceous bas ins 
(ac cord ing to Niebuhr and Seibertz, 2018; slightly mod i fied by the au thors)
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The mid dle Turonian sand stones are 45 m thick in the vi cin -
ity of Bystrzyca K³odzka and reach 110 metres in the north ern
and north west ern parts of the Up per Nysa K³odzka Graben
(Don and Don, 1960; Fistek and Gierwielaniec, 1964; Komuda
and Don, 1964; Radwañski 1965, 1975; Wroñski and
Cwojdziñski, 1984). The sand stones stud ied pinch out to wards
the south and the south-east (see Chrz¹stek, 2013a) and are
70 m thick in the neigh bour hood of D³ugopole Górne (see also
Wroñski, 1982). The mid dle Turonian sand stones ex posed in

Stara Bystrzyca and D³ugopole Górne Quarry rep re sent the
Inoceramus lamarcki Zone and prob a bly rep re sent the mid dle
part of of the mid dle Turonian (cf. Chrz¹stek, 2013a and ref er -
ences therein). NiedŸwiedzki and Salamon (2005), on the ba sis 
of the cri noid Bourgueticrinus sp., re ported a late mid dle
Turonian–ear li est late Turonian age for the sandy si li ceous
mudstones, which were de pos ited in an off shore set ting (see
Chrz¹stek, 2012).
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Fig. 2. Part of the geo log i cal map of the Up per Nysa K³odzka Graben in the vi cin ity of D³ugopole Górne Quarry (af ter Don and
Gotowa³a, 2008) and sketch of the Up per Nysa K³odzka Graben (af ter Cymerman, 1997; slightly mod i fied by the au thors)
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Fig. 3. Lo ca tion sketch of the vi cin ity of D³ugopole Górne Quarry 
(ac cord ing to Walczak-Augustyniak and Wroñski, 1981)



The mid dle Turonian sand stones from the Up per Nysa
K³odzka Graben may be cor re lated in age, fa cies de vel op ment
and style of de po si tion with the Radków Bluff Sand stones of the
Intra-Sudetic Ba sin (Sto³owe Moun tains; Wojewoda, 1997; Don 
and Gotowa³a, 2008; Fig. 3). The mid dle Turonian sand stones
of the Intra-Sudetic Synclinorium (Sto³owe Moun tains) were in -
ter preted by Jerzykiewicz and Wojewoda (1986) and
Wojewoda (1997) as sand stone foresets (so-called ac cu mu la -
tion ter races), up to 17 m thick, which show gi ant-scale
cross-bed ding. The equiv a lents of the mid dle Turonian sand -
stones in the Bo he mian Cre ta ceous Ba sin (Jižera For ma tion)
have been in ter preted by var i ous au thors as sand stone bod ies
(subaquatic dunes) form ing up to 14 m thick sets of “tab u lar
cross-bed ding”, dom i nated by tidal and storm cur rents (cf.
Skoèek and Valeèka, 1983) or de pos its of a coarse-grained
Gilbert-type delta (see dis cus sion in Ulièný, 2001; Laurin and
Ulièný, 2004). Ac cord ing to the lat ter au thors, the fan-like shape 
of steep foreset packgaes, up ward-coars en ing trend and pre -
dom i nance of coarse-grained de pos its may in di cate deltaic
sed i men ta tion (cf. Ulièný, 2001).

The depositional en vi ron ment of the mid dle Turonian sand -
stones ex posed in D³ugopole Górne Quarry (Figs. 2 and 3), has
been in ter preted as of shal low-ma rine, dis tal lower shoreface to
up per off shore fa cies (Chrz¹stek, 2013a). The pos si ble
palaeonvironment for the equiv a lents of the stud ied de pos its
was sug gested by Jerzykiewicz and Wojewoda (1986) and
Rotnicka (2005) as off shore, ?up per off shore re spec tively.

In palaeogeographic terms, the mid dle Turonian sand stones
are re garded as re gres sive de pos its (Wojewoda, 1997). Dur ing

the early mid dle Turonian, quiet pelitic sed i men ta tion was in ter -
rupted by tec tonic block move ments that af fected the source
area and ba sin floor (East Sudetic Is land; cf. Jerzykiewicz and
Wojewoda, 1986; Wojewoda, 1997; Biernacka and Józefiak,
2009; Chrz¹stek and Wojewoda, 2011). Ero sion in the source
area pro duced large amounts of coarse clastic ma te rial, which
was trans ported to the Up per Nysa K³odzka Palaeobasin and de -
pos ited in elon gated de pres sions, bor dered by fault es carp -
ments, form ing gi ant foresets, i.e. ac cu mu la tion ter races (cf.
Jerzykiewicz and Wojewoda, 1986; Fig. 1). Ac cord ing to Voigt et
al. (2008), in many Late Cre ta ceous Eu ro pean bas ins, long-term
trends in rel a tive sea-level changes (eustatic events) oc curred,
such as the late Cenomanian rise, the early Turonian peak and
the mid dle Turonian low. A rel a tive sea-level low was reached in
the early mid dle Turonian (see also Rotnicka, 2005; Ulièný et al.,
2009), when sed i men ta tion of the D³ugopole Górne sand stones
be gan.

MATERIAL AND METHODS

Ichnological and sedimentological stud ies were car ried out
in D³ugopole Górne Quarry, PIASMAR Com pany (Szklary), and 
at the Ar bo re tum Wojs³awice (Branch of the Bo tan i cal Gar den
of the Uni ver sity of Wroc³aw).

Ichnological stud ies com prised ichnotaxonomy, ichnodiver -
sity, ichnoabundance, ichnodisparity, bioturbation in dex (BI),
and tier ing pat tern of the stud ied ichnoassemblage.
Ichnodiversity re fers to the num ber of ichnotaxa pres ent, usu -
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Ichnospecies

Abun dance: 
abun dant ++++, 

com mon +++,
 rare ++; very rare + 

1 ?Ancorichnus isp. +

2 Asterosoma cf. ludwigae Schlirf, 2000 +

3 Asterosoma isp. ++

4 cf. Asterosoma isp. ++

5 Curvolithus sim plex Buatois, Mángano, Mikuláš and Ma ples, 1998 +

6 Dactyloidites ottoi (Geinitz, 1849) +++

7 Funalichnus strangulatus (Fritsch, 1883) +

8 ?Macaronichnus isp. (Chrz¹stek, 2013a) +

9 Ophiomorpha nodosa Lundgren, 1891 ++++

10 Ophiomorpha isp. +++

11 ?Ophiomorpha isp. ++

12 Palaeophycus tubularis Hall, 1847 (Chrz¹stek, 2013a) ++

13 Phycodes cf. palmatus (Hall, 1852) +

14 cf. Phycodes isp. ++

15 Phycosiphon incertum Fischer-Ooster, 1858 +++

16 ?Phycosiphon isp. ++

17 Planolites beverleyensis (Bill ings, 1862) +

18 Thalassinoides paradoxicus Ken nedy, 1967 +

19 Thalassinoides suevicus A (Rieth, 1932) +++

20 Thalassinoides suevicus B (Rieth, 1932) ++

21 Thalassinoides isp. ++

22 ?Thalassinoides isp. ++

23 Entobia isp. ++

T a  b l e  1

Ichnodiversity and ichnoabundance of the trace fos sils re corded in the mid dle Turonian
sand stones in D³ugopole Górne Quarry
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ally at ichnogeneric level (see Luo et al., 2020), while
ichnoabundance was mea sured af ter Knaust (2017, slightly
mod i fied): very rare (sin gle spec i mens), rare (2–6 spec i mens),
com mon (7–9 spec i mens), very com mon (10–22 spec i mens),
abun dant (>23; see Ta ble 1). Ichnodisparity was as sessed fol -
low ing Buatois and Mángano (2013) and Buatois et al. (2017)
as the num ber of ar chi tec tural de signs. Bioturbation in dex (BI),
which re fers to the amount of bioturbation on bed ding planes,
was con ducted af ter Tay lor and Goldring (1993) and Tay lor et
al. (2003), re de fined re cently by MacEachern and Bann (2020,
fig. 2), where BI = 0 means unbioturbated (bioturbation ab sent), 
BI = 1 sparse bioturbation (1–5%), BI = 2 un com mon
bioturbation – low trace den sity (5–30%), BI = 3 mod er ate
bioturbation (30–60%), BI = 4 com mon bioturbation (60–90%),
BI = 5 abun dant bioturbation (90–99%) and BI = 6 com plete
bioturbation (99–100%). Bed ding planes of the cur rent-formed
de pos its, as well as cross cuts of sand stone blocks, par al lel to
bed ding, 1.0 m long and 0.5 m high, were con sid ered as ref er -
ence lev els for mea sur ing the amount of bioturbation
(bioturbation in dex). The tier ing pat tern of the stud ied trace fos -
sils, un der stood here as dis tri bu tions of bur rows pro duced by
ben thic or gan isms above and be neath the sea floor (cf. Luo et
al., 2020), was also de scribed as shal low-, mid- and deep-tier
(com pare Rodríguez-Tovar et al., 2017). Tier 1 re fers to sur face 
trace fos sils, shal low tier (tier 2) up to 15 cm, mid tier (tier 3)
from 15 to 50 cm and deep-tier (tier 4) more than 50 cm deep.
Tier ing pat terns were stud ied in ver ti cal cross-sec tions of the
loose sand stone blocks, mainly at the the PIASMAR Com pany
and in the Ar bo re tum Wojs³awice. The sur faces ex am ined are
1.0 m in length and 1.0 m in high.

Ichnological anal y sis is based on the sedimentological-
ichnological model for a wave-dom i nated shoreface (cf. Pem -
ber ton et al., 2012) re de fined af ter MacEachern et al. (1999)
and MacEachern and Bann (2008), in which the fair-weather
wave base is lo cated be tween the prox i mal and dis tal lower
shoreface. The re sults of ichnological stud ies (ichnodiversity,
ichnoabundance) are given in Ta ble 1, while the dis tri bu tion of
the trace fos sils re corded is shown in Fig ure 4. The
sedimentological anal y sis were car ried out on the mid dle
Turonian sand stones in D³ugopole Górne Quarry, where the
sed i men tary struc tures, grain size dis tri bu tion of the de pos its
and thick ness of the in di vid ual beds were ex am ined.

THE MIDDLE TURONIAN SANDSTONES 
FROM D£UGOPOLE GÓRNE QUARRY 

AND THEIR TRACE FOSSILS

The mid dle Turonian de pos its ex posed in D³ugopole Górne
Quarry are fine to coarse-grained sand stones. They show gi -
ant-scale cross-bed ding (210–230°, see Don and Wojewoda,
2004: fig. 2) and rep re sent the Quadersandstein megafacies
(Chrz¹stek, 2013a). The in di vid ual beds are 0.5–3.0 m thick
and lie al most hor i zon tally (from 5–23°, see Don and
Wojewoda, 2004). Some con tain gravel in ter ca la tions. They
are clas si fied as quartzose-feldspathic sand stones (subarkosic
arenite and quartz arenite, cf. Chrz¹stek, 2013a and ref er ences 
therein). The sedimentological struc tures, in clud ing par al lel
lam i na tion, are poorly vis i ble; these sand stones are mainly
structureless. In the lower and mid dle part of the D³ugopole
Górne sec tion the sand stones are yel low-grey, while in the up -
per most they are dark grey. They seem to show a coars en -
ing-up ward trend. Don and Wojewoda (2004) re ported the trace 
fos sil Ophiomorpha and the bi valve Exogyra columba (now
Rhynchostreon; see Tröger, 2003) from these de pos its. The bi -
valves cited, as well as pectenids, had been pre vi ously re ported 

from the basal part of the mid dle Turonian sand stones by Fistek 
and Gierwielaniec (1964). The pres ent au thor (Chrz¹stek,
2013a) de scribed, from the mid dle Turonian sand stones of
D³ugopole Górne Quarry, an as sem blage of trace fos sils com -
pris ing Ophiomorpha nodosa Lundgren, 1891, Ophiomorpha
isp., Thalassinoides suevicus (Rieth, 1932), Thalassinoides cf.
paradoxicus Ken nedy, 1967, for merly T. paradoxicus (Wood -
ward, 1830), Thalassinoides isp., Curvolithus sim plex Buatois,
Mángano, Mikuláš and Ma ples, 1998, Palaeophycus tubularis
Hall, 1847, ?Macaronichnus isp., as well as the as so ci ated
body fos sil Lima canalifera Goldfuss, 1836. In the col lec tion of
the Geo log i cal Mu seum of the Uni ver sity of Wroc³aw there are
also spec i mens of the bi valve Lima canalifera Goldfuss, 1836
(MGUWr-1499s) and rhynchonellids (MGUWr-1883s; cf.
Chrz¹stek, 2013a) from this site.

The as sem blage of trace and body fos sils was stud ied
mainly in the field in D³ugopole Górne Quarry. More over, stud -
ies were car ried out also on loose sand stone blocks lo cated at
the PIASMAR Com pany (Szklary) and the Ar bo re tum
Wojs³awice. Some spec i mens were col lected and are now
housed in the Geo log i cal Mu seum of the Uni ver sity of Wroc³aw,
e.g., Dactyloidites ottoi, Funalichnus strangulatus, Ophiomor -
pha nodosa, Thalassinoides suevicus, Entobia isp., Lima
canalifera and Pinna (Pinna) cretacea (MGUWr-6756s-6762s).

The trace fos sils stud ied oc cur mainly in the walls of
D³ugopole Górne Quarry (Asterosoma cf. ludwigae, Curvolithus 
sim plex, Phycodes cf. palmatus, Ophiomorpha nodosa,
Ophiomorpha isp., ?Ophiomorpha isp., Planolites beverley -
ensis, Thalassinoides suevicus, Thalassinoides isp.,
?Thalassinoides isp.) or on ex tracted sand stone slabs (e.g.,
Funalichnus strangulatus). Asterosoma isp., cf. Asterosoma
isp., Dactyloidites ottoi, cf. Phycodes isp., Phycosiphon
incertum, ?Phycosiphon isp., Thalassinoides paradoxicus were 
found mainly in cross-sec tions of or on sand stone blocks col -
lected at the PIASMAR Com pany in Szklary and in the Ar bo re -
tum Wojs³awice. Body fos sils, bi valves e.g., ?Brachidontes sp.,
Lima canalifera, Pinna (Pinna) cretacea and Rhynchostreon
suborbiculatum were found in situ in D³ugopole Górne Quarry
and in ex tracted blocks gath ered for fur ther pro cess ing at the
PIASMAR Com pany in Szklary.

In the lower part of the rock suc ces sion ex am ined on the
D³ugopole Górne walls, Thalassinoides suevicus type A (usu -
ally from 3,0 to 5.5 cm in di am e ter, max. 7 cm) and type B
(1.5–2.0 cm) and Ophiomorpha nodosa pre vail. In di vid ual oc -
cur rences of Asterosoma cf. ludwigae, Curvolithus sim plex and
Planolites beverleyensis were re corded in the up per part of the
D³ugopole Górne sec tion, be sides Ophiomorpha nodosa,
?Ophiomorpha isp., Thalassinoides suevicus B and
?Thalassinoides isp., which ap pear in abun dance (Fig. 4 and
Ta ble 1). More over, in the up per most part of the suc ces sion
stud ied, Ophiomorpha nodosa, Phycodes cf. palmatus and a
large swol len cham ber of Thalassinoides with tun nels (up to
30 cm long) were re corded. In the mid dle part of the D³ugopole
Górne sec tion Ophiomorpha nodosa ap pears (mostly as ver ti -
cal shafts) to gether with the bi valves ?Brachidontes sp., Lima
canalifera, Pinna (Pinna) cretacea and Rhynchostreon
suborbiculatum (Fig. 4).

RESULTS

DESCRIPTION OF TRACE FOSSILS

21 ichnospecies be long ing to 11 ichnogenera (8 newly
found) have been iden ti fied in to tal in the D³ugopole Górne
Quarry sec tion (Figs. 2–5A) and in ex tracted blocks of the sand -
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stones lo cated at the PIASMAR Com pany (Szklary) and in the
Ar bo re tum Wojs³awice. The ichnogenera iden ti fied in clude
?Ancorichnus, Asterosoma, Curvolithus, Dactyloidites,
Funalichnus, Ophiomorpha, Phycodes, Phycosiphon,
Planolites and Thalassinoides. More over, the bor ing Entobia
and some ques tion able bur rows oc cur (Ta ble 1). The dis tri bu -
tion of in di vid ual trace fos sils on the walls of D³ugopole Górne
Quarry is shown in Fig ure 4, while the en vi ron men tal dis tri bu -
tion of the ichnotaxa iden ti fied is out lined in Fig ure 12. The
ichnodiversity and ichnoabundance of the trace fos sil as sem -
blage stud ied is shown in Ta ble 1. Five ichnogenera (Cur vo -

lithus, ?Macaronichnus, Ophiomorpha, Palaeophycus and
Thalassinoides) have been re ported by Chrz¹stek (2013a)
from D³ugopole Górne Quarry.

BURROWS

Ancorichnus Heinberg, 1974
?Ancorichnus isp.
(Figs. 5B and 9C)
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Fig. 4. Lithological log of the mid dle Turonian sand stones in D³ugopole Górne Quarry in di cat ing dis tri bu tion of trace fos sils

 Bed ding and gi ant scale cross-strat i fi ca tion ac cord ing to Don and Wojewoda (2004)
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M a t e r i a l. – One spec i men pre served as a lon gi tu di nal
cross-sec tion (Figs. 5B, 9C; PIASMAR Com pany, Wojs³awice), 
which co-oc curs with Phycosiphon incertum.

D e s c r i p t i o n. – Ancorichnus oc curs as a cy lin dri cal,
hor i zon tal, un branched bur row par al lel to the bed ding plane.
The bur row shows a meniscate back fill (in ner fill, Fig. 5B), iden -
ti cal to the host rock and a struc tured tube-shaped man tle
(outer fill). The bur row shows a weakly and ir reg u larly wind ing
course (Fig. 5B). The outer layer is slightly darker than the core
(Fig. 5B). The to tal length of the struc tures is 15–30 cm, and the 
width 2–6 cm. The ex ter nal layer (man tle) is 0.6–1.6 cm wide.

R e  m a r k s. – The bur row re sem bles Ancorichnus, which
is char ac ter ized by a cen tral (in ner) meniscate fill ing and a
struc tured, un du lat ing man tle or tube-shaped outer fill (see
Heinberg, 1974; Dam, 1990; Keighley and Pickerill, 1994;
Desai and Saklani, 2014). Ac cord ing to the cited au thors, the
man tle is not con sid ered as a wall struc ture since it was formed
by the lo co mo tive be hav ior of the bur row pro ducer. The spec i -
men stud ied does not dif fer sig nif i cantly from the spec i mens
de scribed by Keighley and Pickerill (1994: text-figs. 1, 20),
Uchman and Krenmayr (2004: fig. text-fig. 5) and Boyd and
McIlroy (2017: fig. 9). The pres ence of a man tle and lack of wall
dis tin guishes Ancorichnus Heinberg, 1974 from Beaconites
Vialov, 1962 (see Boyd and McIlroy, 2017). Ancorichnus is in
some ways sim i lar to an other ichnogenus, Taenidium Heer,
1877, which also has no wall, but dif fers from it by hav ing an
outer man tle (cf. Keighley and Pickerill, 1994; Baucon and Neto 
de Carvalho, 2008). The spec i mens stud ied prob a bly rep re sent 
Ancorichnus ancorichnus, be cause the ichnogenus stud ied is
de scribed as monospecific (cf. Keighley and Pickerill, 1994).

Ancorichnus is re garded as a pascichnion (Fürsich et al.,
2018) or a repichnion (Heinberg, 1974; Mángano and Buatois,
2016) or a repichnion/domichnion (Dam, 1990) pro duced by
de posit-feeder worm-like an i mals, in sect lar vae or ar thro pods
(Heinberg, 1974; Frey et al., 1984b; Patel et al., 2008). It char -
ac ter izes the Cruziana ichnofacies (Baucon and Neto de
Carvalho, 2008) and is typ i cal of the shal low-ma rine (lower
shoreface) to off shore set ting (Frey and Howard, 1985;
MacEachern et al., 1999; Desai and Saklani, 2014). It is known
from the Ju ras sic to the pres ent (Heinberg, 1974; Mángano and 
Buatois, 2016).

Asterosoma von Otto, 1854
Asterosoma cf. ludwigae Schlirf, 2000

(Fig. 5C)

M a t e r i a l. – One spec i men pre served as a full re lief
oblique sec tion, vis i ble in Fig ure 5C (D³ugopole Górne Quarry).

D e s c r i p t i o n. – A cross-sec tion of sev eral bulbs
(3–?6), show ing con cen tric or ir reg u lar lam i na tion, and a
fragmentarily pre served cy lin dri cal tun nel (axis) is vis i ble on the
sand stone sur face. The study spec i men is ar ranged hor i zon -
tally along the bed ding-plane and en larged in one di rec tion. The 
bulbs seem slightly nar rower at their ter mi na tions. The length of 
the whole struc ture is 28–30 cm, and its width 8 cm. A
fragmentarily pre served axis is 1.5 cm in width. The prob a ble
bulbs are up to 6 cm in width and 8 cm in length.

R e  m a r k s. – The study spec i men, which re sem bles the
cross-sec tion of a par tially pre served cy lin dri cal axis and sev -
eral bulbs ar ranged in one di rec tion, shows sim i lar i ties to
Asterosoma ludwigae Schlirf, 2000. It is sim i lar to the spec i -

mens re ported by Leszczyñski (2010: fig. 14E; 2018: fig. 33C)
from the Santonian of the North Sudetic Synclinorium and by
Neto de Carvalho et al. (2010: fig. 4D) from the Ju ras sic of Por -
tu gal. It might re sem ble a third morphotype of Asterosoma (cf.
Neto de Carvalho and Rodrigues, 2007: figs. 7F, H, 9) in which
ram i fi ca tion tends to be more nu mer ous in a sin gle di rec tion
while bur row bun dles (con sist ing usu ally of 4–6 bulbs) reach
var i ous lengths (up to 30 cm).

Asterosoma is in ter preted as a fodinichnia of de tri tus-, sus -
pen sion- or se lec tive de posit-feed ers (Neto de Carvalho and
Rodrigues, 2007; Knaust, 2017 and ref er ences therein). Crus -
ta ceans (crabs, lob ster-like an i mals) and poly chaetes are sug -
gested as the po ten tial trace mak ers (Häntzschel, 1975;
G³uszek, 1998; Pem ber ton et al., 2001). This ichnogenus char -
ac ter izes mainly the Cruziana ichnofacies (MacEachern et al.,
2007, 2012), though can also ap pear in the Skolithos,
Zoophycos and Nereites ichnofacies (Knaust, 2017).
Asterosoma oc curs from mar ginal-ma rine (paralic) to deep-ma -
rine en vi ron ments, but it is es pe cially com mon in shal low-ma -
rine set tings (Bromley and Uchman, 2003; Rindsberg and Mar -
tin, 2003; Knaust, 2017 and ref er ences therein). It is most char -
ac ter is tic of the prox i mal lower shoreface (cf. Pem ber ton et al.,
2001, Pervesler and Uchman, 2004). Its strati graphi cal range is
from the Cam brian (Mángano and Buatois, 2016) to the pres ent 
(Häntzschel, 1975; Dashtgard et al., 2008).

Asterosoma isp.
(Fig. 6A–C)

M a t e r i a l. – A few spec i mens on sand stone block sur -
faces or as cross-sec tions (Wojs³awice). Their fea tures are un -
clear, while ques tion able forms, ?Asterosoma isp. and cf.
Asterosoma isp., are also pres ent (Fig. 6B and 6C from Szklary
and Wojs³awice, re spec tively). A cross-sec tion is shown in Fig -
ure 6A.

D e s c r i p t i o n. – Asterosoma ap pears as a com plex
trace fos sil com posed of a bunch of bulb-shaped struc tures and 
as so ci ated tubes (as a tree-like struc ture; Fig. 6B), 10 cm long
and 12 cm wide. Cross-sec tions across the in di vid ual bulbs,
which have pre served con cen tric in ter nal struc ture, were also
ob served (Fig. 6A). These are up to 5 cm wide. One cross-sec -
tion of a bulb with poorly pre served con cen tric struc ture was de -
scribed as cf. Asterosoma isp. (Fig. 6C).

R e  m a r k s. – The spec i mens are most sim i lar to
Asterosoma in hav ing tubes with bulbs, which show con cen tric
laminae in the fill. They dif fer from the sim i lar trace fos sil
Rosselia Dahmer, 1937, which oc curs as a sin gle bulb, in their
lack of lin ing (cf. Hoffmann and Grimmberger, 2011).

Curvolithus Fritsch, 1908
Curvolithus sim plex Buatois, Mángano, Mikuláš and Ma ples, 1998

(Fig. 6D)

M a t e r i a l. – One spec i men pre served in pos i tive re lief
on the up per sur face of a sand stone bed, co-oc cur ring with
Astero soma cf. ludwigae (D³ugopole Górne Quarry). The sec -
ond spec i men, de scribed by Chrz¹stek (2013a: fig. 6A) is pre -
served as hor i zon tal, epichnial struc ture.
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D e s c r i p t i o n. – Curvolithus ap pears as an un -
branched, hor i zon tal, straight to me an der ing tongue-like struc -
ture. It is trilobate, con sist ing of three rounded lobes. A cen tral
lobe (up to 1.8 cm) is wider than the lat eral ones (each 0.6 cm)
and is sep a rated from them by shal low fur rows. It seems gen er -
ally smooth. The vis i ble length of this wind ing tun nel is 25 cm.
The spec i men, de scribed pre vi ously by Chrz¹stek (2013a), oc -
curred as a flat tish, slightly wind ing struc ture, 2 cm in width and
8 cm in length.

R e  m a r k s. – The study spec i men is most smilar to
Curvolithus, in hav ing a trilobate, flat tened shape (cf. Buatois et
al., 2017). It shows also some silimilarities to the lo co mo -
tion-feed ing (pascichnia) traces of the echinoid Scolicia de

Quatrefages, 1849 (see Phillips et al., 2011: fig. 3E; López
Cabrera and Olivero, 2014: fig. 2f; Carmona et al., 2020) in hav -
ing two dis tinc tive con cave lobes which re sem ble par al lel
strings, most char ac ter is tic of this ichnogenus, as well as a flat
to slightly con cave-up area be tween them. How ever, it dif fers
from Scolicia in lack ing the typ i cal lam i nated back fill.
Curvolithus is a lo co mo tion trace (repichnion) made by gas tro -
pods, poly chaetes, ne mer teans, holo thu rians or flatworms
(Heinberg and Birkelund, 1984; Lockley et al., 1987; Seilacher,
2007). Curvolithus is typ i cal of the Cruziana ichnofacies sensu
Seilacher (1967) or Curvolithus subichnofacies sensu Lockley
et al. (1987), cor re spond ing to deltaic-in flu enced nearshore en -
vi ron ments (cf. Baucon and Neto de Carvalho, 2008). It is com -
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Fig. 5. D³ugopole Górne Quarry and trace fos sils ?Ancorichnus isp., Asterosoma cf. ludwigae
and Phycosiphon incertum

A – Mid dle Turonian sand stones from D³ugopole Górne Quarry, A – fine-me dium grained sand stones, B
– me dium-coarse grained sand stones, a – the place where the Thalassinoides cham ber was found; B –
?Ancorichnus isp., Phycosiphon incertum (in lon gi tu di nal cross-sec tion par al lel to bed ding), Wojs³awice, 
loose block; C – Asterosoma cf. ludwigae on a bed ding plane, lon gi tu di nal sec tion, D³ugopole Górne
Quarry (rock in situ), pho to graph – M. Stempieñ-Sa³ek; ab bre vi a tions: ?An – ?Ancorichnus isp., As cf. l.
– Asterosoma cf. ludwigae, Phy – Phycosiphon incertum
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Fig. 6. Trace fos sils from the middle Turonian sand stones

A – Asterosoma isp., Wojs³awice (loose block, bed ding plane); B – whole spec i men of ?Asterosoma isp. and
Ophiomorpha nodosa, Szklary (loose block, bed ding plane); C – cf. Asterosoma isp., Wojs³awice (loose block); D –
Curvolithus sim plex on the up per part of a sand stone bed, D³ugopole Górne Quarry (rock in situ), pho to graph – M.
Stempieñ-Sa³ek; E – Dactyloidites ottoi, Szklary (loose block, bed ding plane); MGUWr-6756s; F – Dactyloidites ottoi,
Wojs³awice (loose blocks, bed ding plane); G, H – Dactyloidites ottoi pre served in ver ti cal cross-sec tion, Wojs³awice
(loose blocks); I, J – Dactyloidites ottoi and ?Phycosiphon isp. pre served on a bed ding-par al lel sur face, Szklary (loose
block); ab bre vi a tions: As – Asterosoma isp., cf. As – cf. Asterosoma isp., Cu – Curvolithus sim plex, Do – Dactyloidites
ottoi, ?Phy – ?Phycosiphon isp., On – Ophiomorpha nodosa



mon in shal low ma rine or mar ginal ma rine set tings, up to the
up per off shore zone (Ma ples and Suttner, 1990; Buatois et al.,
1998). It is re ported from the Ediacaran to Ho lo cene in ter val
(Lockley et al., 1987).

Dactyloidides Hall, 1886
Dactyloidides ottoi (Geinitz, 1849)

(Figs. 6E–J and 7A–E)

M a t e r i a l. – Sev eral spec i mens pre served as shal low-
to mid-tier forms (in ver ti cal sec tion and on bed ding planes), re -
corded in sand stone blocks found at PIASMAR Com pany
(Szklary) and in the Ar bo re tum Wojs³awice (MGUWr-6756s). In
some cases, they co-oc cur with ?Phycosiphon isp. (Fig. 6J).

D e s c r i p t i o n. – The spec i mens stud ied ap pear as
sev eral ro settes, pal mate or fan-shaped spreite-like struc tures,
orig i nat ing from a cen tral point. The ra dial el e ments (up to 20),
which are of dif fer ent length, form in com plete cir cu lar ro settes
(from 210 up to 270°), 3.5–6.0 cm wide (Figs. 6E, F and 7A–C).
The in di vid ual ra dial el e ments, which are subhorizontal pro tru -
sive ver ti cal spreiten, are usu ally up to 0.6 cm in width and
2.0–2.5 cm in length. In some cases, some pri mary ra dial el e -
ments of in di vid ual ro settes, in their up per most part, bi fur cate
(Figs. 6F and 7A). The sec ond ary ra dial el e ments are 1.0 cm in
length and 0.4 cm in width. Ra dial el e ments within in di vid ual
struc tures were also ob served in ver ti cal or oblique sec tions rel -
a tive to bed ding, ap pear ing as el lip ti cal to cir cu lar struc tures, in
some cases elon gated in a ver ti cal di rec tion (Figs. 6G–J and
7D, E). They are ar ranged in up to four tiers (struc tures which
touch each other).

R e  m a r k s. – The pres ence of sev eral ro sette-like struc -
tures, which rep re sent the up per most tier, pre served in hor i zon -
tal sec tion and ra dial el e ments stacked to gether in up to a few
tiers in ver ti cal sec tion, sug gests as sign ment to Dactyloidites
ottoi (cf. Fürsich and Bromley, 1985: figs. 1, 3, 4). Other
ichnospecies of Dactyloidites, e.g., Dactyloidites asteroides
(Fitch, 1850) dif fers in hav ing a smaller num ber of ridges (4–6)
in com par i son to the study spec i mens. Dactyloidites peniculus
Uchman and Pervesler, 2007 has pel lets which dis tin guish it
from other ichnospecies of Dactyloidites (see dis cus sion in
Uchman and Pervesler, 2007). Dactyloidites jordii Boyd and
McIlroy, 2016 also dif fers from the cur rent ichnospecies in hav -
ing an in com plete ro sette and long, nar row rays while the com -
po nent bur rows can branch both hor i zon tally and ver ti cally. The 
study spec i mens show also some sim i lar i ties to other ra dial to
rosetted trace fos sils (cf. Buatois et al., 2017) Gyrophyllites
kwassizensis Glocker, 1841 and Gyrophyllites cristinae MuÔoz, 
Mángano and Buatois, 2019 in hav ing hor i zon tal, swol len
leaf-like lobes (ra dial el e ments), ra di at ing from a cen tral shaft
(cf. Uchman, 1998). How ever, they dif fer from G. kwassizensis
in their lack of slightly curved over lap ping lobes and an outer
con vex arc which rim the in di vid ual ro settes (Strzeboñski and
Uchman, 2015: figs. 6D, 7A, B, 8F). These spec i mens also
show some af fin i ties to Gyrophyllites cristinae, which pos sess
five to six petaloid non-over lap ping, smooth and oval lobes (see 
MuÔoz et al., 2019: figs. 4, 5A), but the main dif fer ence is the
pres ence only one level of cir cu lar, un branched lobes in the
case of G. cristinae.

Dactyloidites ottoi is etho logi cally a fodinichnion (Fürsich
and Bromley, 1985; Pickerill et al., 1993). The po ten tial trace
mak ers of Dactyloidites are worm-like or gan isms, pro duc ing a
set of ro settes from the same cen tral shaft in search ing for food
(Uchman and Pervesler, 2007; Wilmsen and Niebuhr, 2014a).

Crabs are also sug gested as po ten tial pro duc ers of
Dactyloidites (Gibert et al., 1995). Dactyloidites is typ i cal of the
lower Skolithos and up per Cruziana ichnofacies (see Wilmsen
and Niebuhr, 2014a). Dactyloidites ottoi oc curs in shal low-wa -
ter, nearshore to deltaic, nu tri ent-rich siliciclastic set tings, usu -
ally be tween the fair-weather and storm wave bases, com monly 
at the top of shallowing-up wards cy cles (Fürsich and Bromley,
1985; Agirrezabala and Gibert, 2004; May oral et al., 2013).
Dactyloidites ottoi is a rel a tively rare form, known from the ?Tri -
as sic, Ju ras sic to Neo gene (Wilmsen and Niebuhr, 2014a).

Funalichnus Fritsch, 1883
Funalichnus strangulatus (Fritsch, 1883)

(Fig. 8A)

M a t e r i a l. – One spec i men vis i ble on the sur face of a
loose sand stone block, D³ugopole Górne Quarry
(MGUWr-6757s).

D e s c r i p t i o n. – Straight, oblique, cy lin dri cal, un lined
and un branched bur row, or na mented by closely spaced, dis -
tinct, swol len ribs, which are ori ented slightly obliquely to wards
the lon gi tu di nal axis. The interspaces be tween the cy lin dri cal
ribs form curved de pres sions. The bur row fill is structureless.
The bur row is cir cu lar to subcircular in cross-sec tion. The di am -
e ter of the bur row ranges from 1.0–1.5 cm. The vis i ble length is
7.5 cm.

R e  m a r k s. – The spec i men stud ied does not dif fer from
sim i lar bur rows de scribed by Pokorný (2008: figs. 4–6) and
Pokorný and Bažant (2011), from the up per Turonian of the
Czech Re pub lic, in hav ing closely spaced ribs, which are ori -
ented obliquely to the axis of the bur row. The lower ter mi na tion
of the bur row, which is usu ally smooth and ta per ing, is not ob -
served. The spec i men dif fers from an other ichnospecies, F.
bhubanii Tiwari, Rajkonwar and Patel, 2013, es pe cially in lack -
ing per pen dic u lar ori ented seg ments to the axis (Tiwari et al.,
2013).

Funalichnus prob a bly rep re sents a domichnion but this
etho log ic in ter pre ta tion is still un clear (cf. Pokorný, 2008).
Annelids are sug gested as the pos si ble trace mak ers. This
ichnotaxon  char ac ter izes the Skolithos and Cruziana
ichnofacies (Pokorný, 2008), oc cur ring in de pos its of a shal -
low-ma rine set ting of mod er ate to high en ergy (fore -
shore-shoreface, see Tiwari et al., 2013; Rajkonwar et al.,
2015). Funalichnus strangulatus oc curs in the up per
Cenomanian, as well as in the mid dle–up per Turonian of the
Czech Re pub lic (Bo he mian Cre ta ceous Ba sin, see Pokorný,
2008) and Ger many (Saxonian and Danubian bas ins, see
Wilmsen and Niebuhr, 2014a; Niebuhr and Wilmsen, 2016).
Tiwari et al. (2013) re ported this ichnogenus from the
lower–mid dle Mio cene of In dia.

Ophiomorpha Lundgren, 1891
Ophiomorpha nodosa Lundgren, 1891

(Figs. 8A–M and 9D, 10F)

M a t e r i a l. – Sev eral spec i mens pre served on the sand -
stone walls of the D³ugopole Górne Quarry (MGUWr-6758s), as 
well as in blocks and in the cross-sec tions (Szklary,
Wojs³awice),  ear lier de scribed by Chrz¹stek (2013a: figs.
6B–F, 7A–D) from the cur rent sand stones.
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D e s c r i p t i o n. – Ophiomorpha nodosa ap pears mainly 
as sin gle, tu bu lar iso lated, un branched shafts with pelleted
walls (hor i zon tal, ver ti cal or in clined) or cre ate boxwork con sist -
ing of tu bu lar tun nels. Pel lets are ovoid or elon gate, up to 1 cm
in length. The vis i ble length of the stud ied specimes var ies from 
a few cm to sev eral dozen cm (25–30 cm), while width from 0.5
to 1.5 cm. El lip ti cal to cir cu lar cross-sec tions are also com mon.
In the stud ied de pos its the swol len cham bers (turn arounds) are 
abun dant (Fig. 8B–D, F–K, M). They are usu ally from 2 cm up
to 10 cm in length and 2 cm up to 6 cm in width. The wall of

these swol len cham bers is usullay com posed of large pel lets,
up to 1 cm long. Some cross-sec tions with poorly pre served
walls were de ter mined as Ophiomorpha isp. (Fig. 8M) or
?Ophiomorpha isp. (Figs. 9D and 10F).

R e  m a r k s. – These spec i mens are as signed to
Ophiomorpha nodosa due to the pres ence of a char ac ter is tic
pelleted wall, di ag nos tic for this ichnogenus (Fig. 8B–D, F–K;
Frey et al., 1978) and cham bers typ i cal of ophiomorphids
(Uchman, 1995; Seilacher, 2007). Niebuhr and Wilmsen (2016) 
pos tu lated re place ment of Ophiomorpha nodosa Lundgren,
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Fig. 7. Dactyloidites ottoi from the mid dle Turonian sand stones

 A, B – Dactyloidites ottoi, Szklary (cut sur faces of loose sand stone blocks, par al lel to bed ding); C – Dactyloidites ottoi
and ques tion able spec i men in the form of a con cave ring, loose sand stone block, Szklary; D, E – Dactyloidites ottoi in
ver ti cal sec tion (loose blocks, Wojs³awice); Do – Dactyloidites ottoi, a – ques tion able trace fos sil



1891 by Ophiomorpha saxonica (Geinitz, 1842) on the ba sis of
work by Geinitz (1842: Taf. XXIII, fig. 2), who de fined Spongites
saxonicus. They in cluded into Ophiomorpha saxonica (Geinitz,
1842) some spec i mens de scribed ear lier by Chrz¹stek (2013a)
as Ophiomorpha nodosa Lundgren, 1891. The tax on omy of
trace fos sils of the ophiomorid group is not sim ple (see pa pers
by Fürsich, 1973; Frey et al., 1978; Schlirf, 2000, 2005;
Rindsberg, 2018). It seems that some of the cur rent spec i mens
with very well pre served swol len cham bers and large pel lets (up 
to 1 cm) might have been as signed to O. saxonica sensu

Niebuhr and Wilmsen (2016; Figs. 8C, D, F–K). How ever, some 
other spec i mens of Ophiomorpha with poorly pre served walls
or walls built of smaller pel lets, may be de ter mined as O.
nodosa (e.g., Fig. 8L, M).

Ophiomorpha etho logi cally is a domichnion or domich -
nion/fodnichnion (Frey et al., 1978; Uchman and GaŸdzicki,
2006). The po ten tial trace mak ers are sus pen sion- or de -
posit-feed ers or farm ers (Bromley, 1996). Ophiomorpha is pro -
duced by callianassid shrimps, deca pods of the infraorders
Gebiidea and Axiidea (Hyžný et al., 2015, 2018). This
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Fig. 8. Funalichnus strangulatus and Ophiomorpha nodosa from D³ugopole Górne Quarry

A – Funalichnus strangulatus, loose block; MGUWr-6757s; B, C – Ophiomorpha nodosa on the sur faces of loose sand -
stone blocks; D, E – Ophiomorpha nodosa on the up per sur faces of sand stone slabs; F–M – Ophiomorpha nodosa and
its swol len cham bers on the sand stone sur faces, G–M – rocks in situ, F, H–L – loose blocks; ab bre vi a tions: Fs –
Funalichnus strangulatus, On – Ophiomorpha nodosa

https://gq.pgi.gov.pl/article/view/7765
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Fig. 9. Trace fos sils from the mid dle Turonian sand stones

A – Phycodes cf. palmatus, D³ugopole Górne Quarry, loose block; B – cf. Phycodes isp., Wojs³awice, loose block; C –
Phycosiphon incertum, ?Ancorichnus isp., Wojs³awice (sur face par al lel to bed ding); D, E – ?Phycosiphon isp. and
?Ophiomorpha isp., Wojs³awice and Szklary, re spec tively (cut sur faces of sand stone); F – Planolites beverleyensis in
Thalassinoides isp. fill ing, Ophiomorpha nodosa, D³ugopole Górne Quarry (rock frag ment); G – Thalassinoides
paradoxicus, Wojs³awice (bed ding plane, loose sand stone block); spec i men found by R. NiedŸwiedzki, pho to graph – R.
NiedŸwiedzki; H, I –Thalassinoides suevicus type A, D³ugopole Górne Quarry (up per sur faces of loose block); J
–Thalassinoides cham ber, D³ugopole Górne Quarry (ex tracted from rock in situ); K – ver ti cal cross-sec tion of a cham ber, 
a – ?crus ta cean trace fos sil; L – ?Ophiomorpha isp. on the outer sur face of a Thalassinoides cham ber; M – crus ta cean
trace fos sil (?) pre served in side Thalassinoides cham ber (in cross-sec tion); ab bre vi a tions: ?O – ?Ophiomorpha isp., Ph.
cf. p. – Phycodes cf. palmatus, cf. Ph – cf. Phycodes isp., Plb – Planolites beverleyensis, Thp – Thalassinoides
paradoxicus, Ths – Thalassinoides suevicus, Th – Thalassinoides isp.; other abbrevations as in Fig ures 5 and 6
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Fig. 10. Thalassinoides and ques tion able trace fos sils from the middle Turonian sand stones

 A, B – Thalassinoides suevicus type B, D³ugopole Górne Quarry (up per sur faces of loose sand stone blocks); C –
cross-sec tion of Thalassinoides isp., Wojs³awice (loose block); D, E – Thalassinoides suevicus type A, D³ugopole Górne
Quarry (bed ding planes, rock frag ments); F – ?Thalassinoides isp. and ?Ophiomorpha isp., D³ugopole Górne Quarry
(loose sand stone blocks); G – ?Thalassinoides isp., up per sur face of loose block, D³ugopole Górne Quarry. H –
cross-sec tion of Thalassinoides isp., a  – ques tion able spec i men sim i lar to ?Schaubcylindrichnus, Szklary (sur face par -
al lel to bed ding, loose sand stone slab); I – ques tion able trace fos sil re sem bling Tisoa, Wojs³awice (up per sur face of
sand stone block); spec i men col lected by R. NiedŸwiedzki, pho to graph – R. NiedŸwiedzki;  ?Th – ?Thalassinoides isp.,
other ab bre vi a tions as in Fig ure 9



ichnospecies char ac ter izes the Skolithos and Cruziana
ichnofacies (MacEachern et al., 2007, 2012). In shal low-ma rine 
siliciclastic de pos its Ophiomorpha nodosa oc curs from the fore -
shore to the up per off shore, be ing com mon in mid dle-up per
shoreface set tings (Curran, 1985; Pol lard et al., 1993; Goldring
and Pol lard, 1995; Leaman et al., 2015). The strati graphi cal
range of Ophiomorpha is from Perm ian to Ho lo cene (Frey et al., 
1978) or from the Penn syl va nian (An der son and Droser, 1998).

Phycodes Rich ter, 1850
Phycodes cf. palmatus (Hall, 1852)

(Fig. 9A, B)

M a t e r i a l. – Two spec i mens (epichnia) pre served in full
re lief on sand stone blocks and a few in cross-sec tion from
D³ugopole Górne Quarry and Wojs³awice.

D e s c r i p t i o n. – The spec i mens oc cur as hor i zon tal,
branched struc tures, which con sist of a few (2–5) rounded,
smooth, cy lin dri cal tun nels. These tun nels seem ingly orig i nate
from nearly the same point, maybe from a sin gle stem, in a pal -
mate-like struc ture (Fig. 9A). How ever, this part of the trace fos -
sils is poorly de vel oped. The cy lin dri cal tun nels are oval in
cross-sec tion (Fig. 9B). The di am e ter of the cy lin dri cal
branches is 1.0–2.5 cm, while the length of in di vid ual tun nels is
up to 5.0 cm.

R e  m a r k s. – These spec i mens show close sim i lar ity to
those re ported by Han and Pickerill (1994: fig. 5/12), Knaust
(2004: fig. 7/3) and Singh et al. (2008: fig. 4b, c), de scribed as
Phycodes palmatus (Hall, 1852), which is a hor i zon tal bun dle
bur row and con sists of a few thick and rounded branches (tubes) 
that orig i nate in a pal mate struc ture. The oc cur rence of a
branched struc ture, sub di vided into 2–5 cy lin dri cal tun nels prob -
a bly di verg ing from the same point, and oval cross-sec tions,
might sug gest sim i lar ity to Phycodes palmatus. How ever, the
cur rent spec i mens are fragmentarily pre served, e.g. the ini tial
stem is not well vis i ble, and so they were as signed to Phycodes
cf. palmatus and cf. Phycodes isp., re spec tively (Fig. 9A, B).

Phycodes is re garded as a fodinichnion of de posit-feed ers,
prob a bly annelids or sea-pens (Fillion and Pickerill, 1990; Han
and Pickerill, 1994). It is typ i cal of the Cruziana ichnofacies
(MacEachern et al., 2012) and char ac ter izes mainly shal -
low-ma rine set tings (Singh et al., 2008). Phycodes is com mon
in lower shoreface de pos its (Buatois and Mángano, 2011;
Pem ber ton et al., 2012), though can also ap pear in shal lower
and deeper set tings. This ichnogenus is known from the lower
Cam brian to the Plio cene (Han and Pickerill, 1994).

Phycosiphon Fischer-Ooster, 1858
Phycosiphon incertum Fischer-Ooster, 1858

(Figs. 5B and 9C)

M a t e r i a l. – Sev eral spec i mens pre served as
cross-sec tions in sand stone blocks, Wojs³awice.

D e s c r i p t i o n. – Phycosiphon oc curs as a small
spreite bur row con sist ing of re peated nar row, U-shaped lobes
with dark fine-grained cores and a light coarse-grained man tle.
The spreite, which ex tends be tween the arms of the lobes, is
made of the same ma te rial as the man tle of the tube. The bur -
row sys tem is par al lel to bed ding. The spec i mens oc cur also as
sev eral black cir cu lar dots, comma-shaped dots and fish-hook
shapes. The di am e ter of the tubes is up to 1 mm and the lobes

are up to 1 cm wide  (Figs. 5B and 9C). A well pre served lobe,
5.0 cm in length, is ob served. In some cases, the pre served
frag ments of in di vid ual lobes are up to 1 cm long (Figs. 5B and
9C). Spreiten be tween lobes are poorly and only fragmentarily
pre served (Fig. 5B).

R e  m a r k s. – The well pre served re curv ing lobes or
many char ac ter is tic black, comma-shaped dots and fish hook
shapes (Figs. 5B and 9C) sug gests the as sign ment to
Phycosiphon incertum (cf. Wetzel and Bromley 1994: figs. 4–6;
Bromley, 1996: fig. 8.4; Naruse and Nifuku, 2008; Rodríguez-
 Tovar et al., 2014a).

Phycosiphon is con sid ered to be a fodinichnion (Wetzel and 
Bromley, 1994) or a pascichnion/fodinichnion (Rodríguez-
 Tovar et al., 2014a). It is typ i cal of the Cruziana, Zoophycos and 
Nereites ichnofacies (Knaust, 2017). Phycosiphon trace mak -
ers may be small ver mi form or gan isms, be ing se lec tive de posit
feed ers (cf. Bednarz and Mcllroy, 2009). Phycosiphon is com -
mon in ox y gen- and nu tri ent-rich fine-grained siliciclastic
softground de pos its (Rodríguez-Tovar et al., 2014a). This
ichnospecies is char ac ter is tic of the prox i mal and dis tal lower
shoreface to lower off shore and even deep-sea set tings in
calmer con di tions (Dashtgard et al., 2012; Vakarelov et al.
2012; Wesolowski et al., 2018; MacEachern and Bann, 2020). It 
is known from the Cam brian to the Ho lo cene (Naruse and
Nifuku, 2008; Hammersburg et al., 2018).

?Phycosiphon isp.
(Figs. 6H, J and 9D, E)

M a t e r i a l. – Some ques tion able spec i mens pre served
as cross-sec tions, Szklary and Wojs³awice.

D e s c r i p t i o n. – Abun dant, hor i zon tal cy lin dri cal spec i -
mens pre served as cross-sec tions (Fig. 9D, E) are me an der ing, 
cy lin dri cal and un branched bur rows. The spec i mens are mostly
curved, rarely straight. The bur rows are densely packed. The
spec i mens are el lip ti cal in cross-sec tion. Their fill ing is darker
than the host rock. Their length is from 1.0–3.0 cm, while
0.2–0.4 cm wide. One spec i men, which oc curs as a U-shaped
lobe, 2.0 cm long and 1.0 cm wide, is also pres ent (Fig. 6H).

R e  m a r k s. – These ques tion able spec i mens show sim i -
lar i ties to Phycosiphon in hav ing a wind ing course, with thick -
ness and darker fill typ i cal of this ichnogenus. They also seem
sim i lar to Planolites, es pe cially ?Planolites montanus Rich ter,
1937 (cf. Patel et al., 2008: fig. 3g, f; Chrz¹stek, 2013b: pl. 3/8;
Stachacz, 2016: fig. 12D), in their wind ing course, which usu ally 
changes over short dis tances (cf. Rodríguez-Tovar et al.,
2014b: fig. 7G; Feng et al., 2017: figs. 8H, 9E). How ever, these
bur rows are mod er ately to highly curved as for Planolites. The
state of pres er va tion is not good, thus these spec i mens were
as signed as ?Phycosiphon isp. The spec i mens also show
some re sem blances to Macaronichnus segregatis degiberti
Rodríguez-Tovar and Aguirre, 2014 due to their wind ing course
(see also Nara and Seike, 2019; Olivero and López Cabrera,
2020: fig. 5). The main dif fer ence is the lack of a min er al og i cal
seg re ga tion within a tube, typ i cal of this ichnogenus (Clifton and 
Thomp son, 1978; Bromley et al., 2009).

Planolites Nichol son, 1873
Planolites beverleyensis (Bill ings, 1862)

(Fig. 9F)
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M a t e r i a l. – One spec i men pre served in a
Thalassinoides isp. infill, co-oc cur ring with Ophiomorpha
nodosa; D³ugopole Górne Quarry.

D e s c r i p t i o n. – The spec i men ap pears as a straight to 
wind ing, un branched cy lin dri cal hor i zon tal tun nel, with out wall,
el lip ti cal in cross-sec tion. The fill of a bur row may be slightly dif -
fer ent to the sur round ing rock (Thalassinoides fill ing). The outer 
sur face of the bur row is mod er ately smooth. The length is 8 cm,
width 0.5 cm.

R e  m a r k s. – The spec i men shows sim i lar i ties to the
ichnogenus Planolites Nichol son, 1873 in hav ing a slightly un -
du lat ing, flat tened, un branched, cy lin dri cal tun nel, with out wall
(Fig. 9F). It is es pe cially sim i lar to Planolites beverleyensis (Bill -
ings, 1862) de scribed by Chrz¹stek (2013b: pl. 3/8), Stachacz
(2016: fig. 12C) and Feng et al. (2017: figs. 5C, D, 10D, E),
which usu ally has a straight to slightly wind ing course and flat -
tened tun nel. It dif fers from Palaeophycus Hall, 1847 in the lack
of wall and con stant width of the cy lin dri cal tun nel (cf.
Chrz¹stek, 2013b: pl. 2/2; Stachacz, 2016: fig. 12F). The spec i -
men (Fig. 9F) oc curs in a Thalassinoides infill. Prob a bly, for
some pro duc ers of trace fos sils, other bur rows could be ad di -
tional food re sources (cf. Izumi, 2015; Knaust, 2020b).

Planolites is re garded as a pascichnion or fodinichnion pro -
duced by de posit-feed ers or pred a tors, mainly poly chaetes
(Alpert, 1975; Pem ber ton and Frey, 1982; Keighley and
Pickerill, 1995; Bromley, 1996; Schlirf, 2003) or molluscs
(Knaust, 2007). This ichnogenus is com mon in the Skolithos
and Cruziana ichnofacies (Frey and Seilacher, 1980). This
eurybathic and fa cies-cross ing ichnogenus is abun dant in shal -
low-ma rine set tings (lower shoreface-lower off shore; Pem ber -
ton et al., 2001, 2012; Buatois and Mángano, 2011;
MacEachern and Bann, 2020). It is known from the Ediacaran
to the pres ent (Häntzschel, 1975; Uchman, 1998; Mángano
and Buatois, 2016).

Thalassinoides Ehrenberg, 1944
Thalassinoides paradoxicus Ken nedy, 1967

(Fig. 9G)

M a t e r i a l. – One spec i men pre served on a sand stone
slab, Wojs³awice. Two spec i mens pre served on sand stone
blocks were re ported by Chrz¹stek (2013a: fig. 10A, B).

D e s c r i p t i o n. – Cy lin dri cal, un lined, ir reg u larly
branched spec i men, which forms a bur row net work. Ver ti cal,
hor i zon tal and in clined shafts also ap pear. T-shaped branch ing
pat tern pre dom i nant rel a tive to Y-shaped branches. Some
swell ings are pres ent. The spec i men di am e ter ranges from
0.7–1.5 cm. The vis i ble length is up to 35 cm.

R e  m a r k s. – The oc cur rence of ir reg u lar pat tern of
branch ing, in which T-shaped branches of vari able di am e ter
pre dom i nate, sug gests as sign ment to Thalassinoides para -
doxicus (cf. Howard and Frey, 1984). It does not dif fer from the
spec i mens de scribed by and Knaust (2017: fig. 5.159b; 2020a:
fig. 1c, d) and Chrz¹stek et al. (2018: fig. 8A). The spec i men dif -
fers from T. suevicus in the pres ence of pre dom i nantly ver ti cal
com po nents and in hav ing more ir reg u larly ar ranged ram i fi ca -
tions (cf. Carmona et al., 2008).

It is re garded as a domichnion, fodinichnion or agrichnion
(Myrow, 1995; Bromley, 1996; Ekdale and Bromley, 2003). The
pos si ble trace mak ers are crus ta ceans (thalassinidean
shrimps, crabs, lob sters, cray fish) or cerianthid sea anem o nes,
fish, enteropneusts (Frey et al., 1984a; Myrow, 1995;
Dworschak and Rodrigues, 1997; Ekdale and Bromley, 2003;

Neto de Carvalho et al., 2007). Thalassinoides is typ i cal of the
Cruziana and Glossifungites ichnofacies (MacEachern et al.,
2007, 2012), but can ap pear also in the Psilonichnus,
Teredolites, Zoophycos and Nereites ichnofacies. Thalas -
sinoides paradoxicus char ac ter izes soft- and firmgrounds (cf.
Knaust 2020a: fig. 2). Thalassinoides can ap pear in de pos its
rang ing from mar ginal ma rine to deep sea, but in siliciclastic de -
pos its is es pe cially abun dant in well-ox y gen ated shal low ma -
rine set tings (Ar cher and Ma ples, 1984), in the dis tal lower
shoreface (Pem ber ton et al., 2001, 2012; Uchman and
Krenmayr, 2004; Buatois and Mángano, 2011). It ranges from
the Cam brian (Mikuláš, 2000) to the Ho lo cene (Mángano and
Buatois, 2016), be ing com mon from the Or do vi cian (Jin et al.,
2012; Chrz¹stek and Pluta, 2017).

Thalassinoides suevicus (Rieth, 1932)
(Figs. 9F, H–M and 10A–E)

M a t e r i a l. – Sev eral spec i mens pre served on up per
sand stone sur faces (quarry walls, sand stone blocks) and as
cross-sec tions, D³ugopole Górne Quarry, Szklary, Wojs³awice
(MGUWr-6759s). This ichnogenus was de scribed by Chrz¹stek 
(2013a: fig. 9C–F) from the cur rent site. One prob a ble turn ing
cham ber of Thalassinoides was also rec og nized (Fig. 9J–M).

De scrip tion: The spec i mens ap pear as hor i zon tal, cy lin dri -
cal, un lined bur rows with a Y-shaped branch ing pat tern, which
com monly forms a boxwork on the sand stone sur face (Figs. 9I
and 10A, B, D). Two dif fer ent cat e go ries of bur rows were dis tin -
guished: Thalassinoides suevicus type A (3.0–5.5 cm, up to
7 cm in di am e ter; Figs. 9F, H, I and 10C–E) and T. suevicus
type B (1.5–2.0 cm in di am e ter; Fig. 10A, B). The vis i ble length
is up to 80 cm (Fig. 10D). The Thalassinoides fill ing dif fers from
the sur round ing rocks in col our, be ing darker, rusty or brown ish. 
Some cross-sec tions, de scribed as Thalassinoides isp. also
ap pear (Fig. 10C, H). The other spec i men oc curs as a struc -
ture, 30 cm in length, up to 16 cm high and 11 cm wide, which
con sists of a ver ti cal to oblique cy lin dri cal shaft, 7 cm in di am e -
ter, ter mi nat ing in an oval cham ber, el lip ti cal in shape
(Fig. 9J–M). At the left end of the cham ber there may be a sec -
ond tun nel, 8.5 cm in length and 7 cm in width (Fig. 9J). The an -
gle be tween the two hor i zon tal tun nels is 120 de grees. On the
outer sur face and in the cross-sec tion of the cham ber (21 cm
long), some other trace fos sils ap pear, e.g., Ophiomorpha
(Fig. 9K–M).

R e  m a r k s. – The study spec i mens show strong af fin i ties
to Thalassinoides suevicus in hav ing a pre dom i nantly Y-shaped
branch ing pat tern and boxwork (Figs. 9H, I and 10A, B, D). The
bur rows of Thalassinoides are clearly vis i ble on the sand stone
sur faces due to the con trast ing brown ish infill, es pe cially when
they form a branch ing net work (Figs. 9H, I and 10B, D). Some
Thalassinoides open ings (Figs. 9J and 10C, H) seem to be
slightly re sem ble Ophiomorpha irregulaire Frey, Howard, Pryor,
1978 (Frey et al. 1978; López Cabrera and Olivero, 2014) in hav -
ing “flame-like struc tures” (Fig. 10C; cf. Boyd et al., 2012),
though these struc tures might be caused by com pac tion. The
spec i men shown in Fig ure 9J–L, due to the pres ence of a slightly
flat tened cham ber and two ca nals, sug gests as sign ment to
Thalassinoides, most prob a bly to T. suevicus. The cham ber
seems to be swol len (turn around) at the di verg ing point of the
ophiomorid bur row, per haps used by the trace mak ers for chang -
ing the di rec tion of lo co mo tion or for feed ing, e.g., for stor age of
de tri tus for later con sump tion (see dis cus sion in Chrz¹stek et al.,
2018 and ref er ences therein). The spec i men shows also some
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af fin i ties in shape to Macanopsis plataniformis MuÔiz and May -
oral, 2001 and M. astreptum Bown and Krauss, 1983 in hav ing a
cy lin dri cal subvertical tun nel and basal cham ber. The main dif -
fer ence is the pres ence of two cy lin dri cal tun nels in the study
spec i men in stead one.

?Thalassinoides isp.
(Figs. 10F, G)

M a t e r i a l. – Two epichnial spec i mens pre served on
sand stone blocks (D³ugopole Górne Quarry).

D e s c r i p t i o n. – The study spec i mens are pre served
as hor i zon tal, branched bur rows with scratch marks, re sem -
bling lon gi tu di nal ridges, on their sur faces (Fig. 10G). Some cir -
cu lar, ?sandy cores (cross-sec tions) with paler fill ing are ob -
served (Fig. 10F). The tun nels are 4 cm wide and up to 40 cm
long. The cross-sec tions of these spec i mens are smaller in di -
am e ter than the those of the cy lin dri cal tun nels. They are
1.0–1.5 cm in width (Fig. 10F).

R e  m a r k s. – These spec i mens show some af fin i ties to
two ichnogenera, Thalassinoides paradoxicus Ken nedy, 1967
and Lamellaecylindrica paradoxica (Wood ward, 1830; cf.
Knaust 2020a: fig. 1a, c, d re spec tively) in cre at ing hor i zon tal
bur rows, con sist ing of ram i fied cy lin dri cal tun nels with
scratches and open ings re sem bling sandy cores (Fig. 10F, G).
They seem most sim i lar to T. paradoxicus in hav ing a vari able
di am e ter and prob a bly ver ti cal shafts, which have been seen in
cross-sec tion (see Fig. 10F). One prob a bly blind tun nel was
also ob served (Fig. 10G). How ever, they dif fer from
L. paradoxica in the lack of a thick, con cen tri cally lam i nated
muddy wall, ob served in cores (Fig. 10F). The spec i mens also
re sem ble Spongeliomorpha Saporta, 1887 (Fig. 10G, see
Gibert and Ekdale, 2010: figs. 3, 4), in hav ing a sim i lar bur row
mor phol ogy (e.g., branch ing pat tern, blind tun nel), but dif fer in
lack ing the dis tinctly marked char ac ter is tic scratches typ i cal of
this ichnogenus.

Un iden ti fied bur rows (in open no men cla ture)
(Figs. 7C and 10H, I)

M a t e r i a l. – Some poorly pre served, un cer tain bur rows, 
re corded as cross-sec tions (Figs. 7C and 10H, Szklary). An -
other ques tion able spec i men is pre served in full re lief on a
sand stone slab (Fig. 10I, Wojs³awice).

D e s c r i p t i o n. – The ques tion able spec i mens ap pear
as con cave rings (mounds with a cen tral de pres sion), of di am e -
ter up to 4 cm (Figs. 7C and 10H). The sec ond spec i men ap -
pears as two par al lel cy lin dri cal tubes, which seem to be con -
nected in the dis tal part (Fig. 10I). The sur face of the bur row is
smooth. The length is 12 cm, and the width of the en tire struc -
ture is 0.8 cm. Each tube is 0.3 cm wide.

R e  m a r k s. – Due to poor pres er va tion the as sign ment of 
these spec i mens is un cer tain, and so they are left in open no -
men cla ture. The clos est sim i lar i ties are to ?Schaubcylin -
drichnus Frey and Howard, 1981 (Fig. 7C; Löwermark and
Hong, 2006: figs. 4b, 5b) in hav ing a cir cu lar ring with a cen tral
de pres sion. On the other hand, sim i lar struc tures have been
sug gested as ?jel ly fish im pres sions (cf. Hammersburg et al.,
2018: fig. 22/4-5; see dis cus sion in Chrz¹stek, 2020). The
study spec i mens also show af fin i ties to trace fos sils from the
newly erected ichnofamily Siphonichnidae (Knaust, 2015: figs.

1, 2, 4E), which com prises bur rows con sist ing of ver ti cal tubes
with core and man tle or lin ing (e.g., Siphonichnus Stanistreet, le 
Blanc Smith and Cadle, 1980 or Laevicyclus Quenstedt, 1879,
see dis cus sion in Chrz¹stek, 2020).

The other ques tion able spec i men (Fig. 10I) shows some
sim i lar i ties to Tisoa de Serres, 1840, es pe cially Tisoa habichi
Lissón, 1904 (pre vi ously Diplocraterion habichi) or Paratisoa
(cf. Knaust, 2019: figs. 1, 2), in hav ing two cy lin dri cal hor i zon tal
closely spaced tubes (cf. Knaust, 2019: figs. 8H, 10E, F). How -
ever, this doubt ful struc ture might also rep re sent Ophiomorpha.

BORINGS

Entobia Bronn 1837
Entobia isp.
(Fig. 11A, B)

M a t e r i a l. – Bor ings pre served in two bi valve moulds,
D³ugopole Górne Quarry (MGUWr-6760s).

D e s c r i p t i o n. – The spec i mens ap pear as cir cu lar to
subcircular ap er tures of boxwork cham bers in ter con nected by
ca nals on the orig i nal shell sur face. Ap er ture di am e ters range
up to 0.5 cm.

R e  m a r k s. – The mor phol ogy in di cates as sign ment to
Entobia (cf. Bromley and D’Alessandro, 1984). The trace mak -
ers are sponges of the fam ily Clionaidae (Bromley and
D’Alessandro, 1984). The spec i mens be long to the Entobia or
Gnathichnus ichnofacies and to the newly erected fam ily
Entobiaidae (cf. Wisshak et al., 2019). Frey and Seilacher
(1980) erected the Trypanites ichnofacies, and Bromley and
Asgaard (1993) the Entobia ichnofacies. Re cently, the Entobia
ichnofacies was sug gested to com prise Me so zoic and Ce no -
zoic re cords (since the Ju ras sic; see Gibert et al., 1998, 2007),
with the Trypanites ichnofacies for Pa leo zoic re cords
(El-Hedeny and El-Sabbagh, 2018). The Entobia ichnofacies,
sim i larly to the Trypanites ichnofacies, cor re sponds to
long-term bioerosion (deep-tier), while the Gnathichnus
ichnofacies is as so ci ated with surficial bioerosion struc tures
(shal low-tier). Ear lier, MacEachern et al. (2007) re garded
Entobia and Gnathichnus as ichnocoenoses in the Trypanites
ichnofacies. Due to the shal low-tier oc cur rence in bi valve shells
the cur rent spec i mens might rep re sent the Gnathichnus
ichnofacies. Entobia may oc cur in a rel a tively wide spec trum of
depositional set tings, rang ing from mar ginal-ma rine to off shore
(af ter Buatois and Mángano, 2011; Demircan, 2012; El-Hedeny 
and El-Sabbagh, 2018). How ever, clionaid sponges, the pos si -
bly pro duc ers of Entobia, pre fer low en ergy nearshore, shal -
low-ma rine en vi ron ments (Schmidt-Neto et al., 2018). They
range from Ju ras sic to pres ent (Pineda Salgado et al., 2015) or
from De vo nian to Re cent (Wil son, 2007).

ASSOCIATED BODY FOSSILS

In the mid dle Turonian de pos its stud ied, body fos sils, the bi -
valves ?Brachidontes sp. (Fig. 11C), Lima canalifera Goldfuss,
1836 (Fig. 11D–F; MGUWr-6761s), Pinna (Pinna) cretacea
(Schlotheim, 1813) (Fig. 11G; MGUWr-6762s) and Rhyncho -
streon suborbiculatum (Lamarck, 1801) (Fig. 11C, H–J), were
also col lected.

?Brachidontes Swainson, 1840 (sus pen sion-feeder bi -
valve) is re garded as an im por tant palaeo eco logi cal in di ca tor,
com mon in the shal low lit to ral zone (Aguirre et al., 2006; Mor ton 
et al., 2020). This ge nus is typ i cal of tur bu lent, mod er ate to high
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en ergy, nor mal sa lin ity wa ters, or in some cases brack ish wa -
ters (polyhaline-euryhaline, see Scott, 1970; Sara and Pirro,
2011). Other au thors (Scott, 1970; Ekdale and Ekdale, 2018)
also re ported this ge nus from shal low, nearshore ma rine set -
tings.

The bi valve Lima canalifera Goldfuss, 1836 is com mon in
well-ox y gen ated en vi ron ments, usu ally up to 40 m deep
(Wilmsen et al., 2007; Schnei der et al., 2011). Ac cord ing to the

cited au thors, this taxon is known from the Cenomanian to
Campanian in Ger many. Lima canalifera was pre vi ously re -
ported by Chrz¹stek (2013a) from the cur rent site. The study
spec i mens show sim i lar i ties to L. canalifera in hav ing up to 20
ra dial costae, in stead of 30 ribs as pos sesses L. multicostata
Geinitz, 1839 (cf. Schnei der et al., 2011 and ref er ences
therein).
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Fig. 11. The bor ing Entobia and body fos sils from D³ugopole Górne Quarry

A, B – Entobia isp.; MGUWr-6760s; C – ?Brachidontes sp., Rhynchostreon suborbiculatum (rock in situ, wall of the
quarry); D–F – Lima canalifera; MGUWr-6761s (loose blocks); G – Pinna (Pinna) cretacea; MGUWr-6762s (rock frag -
ment); H – Rhynchostreon suborbiculatum (loose block, pos i tive spec i men); I – Rhynchostreon suborbiculatum, the
same spec i men as in H, pre served as neg a tive; J – Rhynchostreon suborbiculatum (loose block); abbreviations: En –
Entobia isp., ?Bra – ?Brachidontes sp., Lc – Lima canalifera, Pc – Pinna (Pinna) cretacea, Rhy – Rhynchostreon
suborbiculatum
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Pinna (Pinna) cretacea is a sus pen sion-feeder, that in hales
wa ters at the pos te rior end of the shell, which is usu ally el e -
vated above the sea floor (cf. Seeling and Bengtson, 2003:
fig. 4A–C; Bengtson et al., 2014: fig. 2). The study spec i men
might rep re sent Pinna (Pinna) cretacea cretacea, a new sub -
spe cies adopted re cently by Bengtson et al. (2014), in hav ing
sev eral ribs (up to 18) and nearly straight dor sal and ven tral
mar gins. This sub spe cies, ac cord ing to the cited au thors, is typ -
i cal of the Turonian, while the other sub spe cies Pinna (Pinna)
cretacea brevis usu ally ap pears from the late Turonian to the
Coniacian. Re cent Pinnidae oc cur mainly in shal low wa ters, un -
der low en ergy con di tions, from a few metres to 50 m down,
com monly on the lower shoreface (Bengtson et al., 2014;
Carmona et al., 2020). Pinna (Pinna) cretacea is a
stratigraphically (Albian-Maastrichtian) and geo graph i cally
widely dis trib uted spe cies (Seeling and Bengtson, 2003). This
taxon was de scribed from the mid dle Turonian of Sax ony, Ger -
many by Wilmsen and Niebuhr (2014b).

Rhynchostreon suborbiculatum is a nearshore oys ter,
which is char ac ter is tic of shal low-ma rine, mod er ate to high en -
ergy, well-ox y gen ated and nu tri ent-rich set tings (see Seeling
and Bengtson, 1999; Moussavou, 2017; Tröger 2017).
Abdelhady (2009) re ported this spe cies from nor mal sa lin ity en -
vi ron ments. Dhondt et al. (1999) and Ayoub-Hannaa and
Fürsich (2011) de scribed it from mid-shelf en vi ron ments
(25–30 m deep), and Herkat (2007) and Richardt et al. (2013)
from set tings up  to 50 m deep. Ac cord ing to Seeling and
Bengtson (1999) and Nagm and Boualem (2019),
Rhynchostreon (ear lier Exogyra columba; cf. Tröger, 2003), a
cos mo pol i tan spe cies, is widely dis trib uted in the
Cenomanian–lower Turonian of the Tethys Ocean (Tröger,
2003; Ayoub-Hannaa et al., 2014). Ac cord ing to these au thors,
its ap pear ance in the Up per Cre ta ceous of Eu rope (North Tem -
per ate Realm), in di cates a north ward fau nal mi gra tion (a strong 
south ern in flu ence). Thus, exogyrine oys ters are a very use ful
tool for palaeobiogeographic re con struc tions (Ayoub-Hannaa
et al., 2014). The oys ter Rhynchostreon is abun dant in the Up -
per Cre ta ceous of Ger many (Sax ony, Ba varia) and is also
wide spread in the Bo he mian Cre ta ceous Ba sin (Tröger, 2003,
2017; Schnei der et al., 2013; Janetschke and Wilmsen, 2014).

PALAEOENVIRONMENTAL RECONSTRUCTION BASED 
ON TRACE AND BODY FOSSILS

CHARACTERISTIC OF TRACE FOSSIL ASSEMBLAGE

In the mid dle Turonian sand stones of D³ugopole Górne
Quarry an ichnoassemblage com pris ing bur rows and bor ings
was found, rep re sent ing sev eral etho log i cal cat e go ries:
domichnia or domichnia/fodinichnia (Ophiomorpha, Funalich -
nus), fodinichnia (Dactyloidites, Asterosoma, Thalassinoides,
Phycodes, Phycosiphon), repichnia (Curvolithus) repichnia/ 
pasci chnia (?Ancorichnus) and pascichnia (Planolites). Bor ings 
Entobia (domichnia) were also re corded. In the as sem blage
stud ied fodinichnia pre vail, while domichnia or domichnia/
fodinichnia are com mon and repichnia/pascichnia rare. Trace
mak ers are sus pen sion- and de posit-feed ers or car ni vores.
The trace fos sils stud ied char ac ter ize the Skolithos and
Cruziana ichnofacies. Ichnological anal y sis shows the pres -
ence of a mod er ately di verse trace fos sil as sem blage (13
ichnogenera, 23 ichnospecies; Ta ble 1). Of these,
Palaeophycus, ?Macaronichnus, Curvolithus, Ophiomorpha
and Thalassinoides were pre vi ously re ported by Chrz¹stek
(2013a). Ophiomorpha is most abun dant in the D³ugopole
Górne Quarry sec tion, while Thalassinoides, Dactyloidites and
Phycosiphon are com mon (Ta ble 1). Other trace fos sils are

rare or very rare. Ichnodisparity is also mod er ate, with 11 ar chi -
tec tural de signs (two cat e go ries dom i nate, cf. Buatois et al.,
2017). In these mid dle Turonian sand stones maze and boxwork 
bur rows pre vail (Ophiomorpha, Thalassinoides), while ra dial to
rosetted bur rows (Dactyloidites) are com mon. The col lected
trace fos sils rep re sent mainly shal low-tier (up to 15 cm deep,
Ancorichnus, Curvolithus, Phycodes) and mid-tier (15–50 cm
deep) as sem blages, e.g., Asterosoma, Dactyloidites, Phyco -
siphon, Thalassinoides (cf. Rodríguez-Tovar et al., 2017). The
D³ugopole Górne Quarry de pos its are unbiotur bated to com -
monly bioturbated (bioturbation in dex, BI = 0–4). The high est
val ues of bioturbation in dex (BI = 4; 60–90%) are in the sand -
stone beds bioturbated by Dactyloidites and Ophiomorpha.
Mod er ate bioturbation (BI = 3; 30–60%) was re corded in beds
bioturbated mainly by Thalassinoides and Phyco siphon.

ICHNOLOGICAL IMPLICATIONS ON DEPOSITIONAL ENVIRONMENT

The mod er ately di verse as sem blage stud ied rep re sents a
wide spec trum of dif fer ent ethologies and is char ac ter is tic of
both the Skolithos and Cruziana ichnofacies (Pem ber ton et al.,
2001; Pervesler and Uchman, 2004). Due to the pres ence of
traces which rep re sent dif fer ent etho log i cal cat e go ries, nu tri -
ents were avail able both in sus pen sion and de posit (see
Baucon and Neto de Carvalho, 2008).

Thalassinoides and Ophiomorpha, the most com mon
ichnogenera in the D³ugopole Górne Quarry sec tion, are abun -
dant in lower shoreface set tings (Pem ber ton et al., 2001, 2012;
Uchman and Krenmayr, 2004; Pervesler et al., 2011;
Bayet-Goll et al., 2015). In the up per most part of the D³ugopole
Górne sec tion a large Thalassinoides cham ber – turn around
(21 cm in length), was found. Simlar en larged cham bers at di -
verg ing points of ophiomorids (Thalassinoides) were re ported
by Giannetti et al. (2007, up to 22 cm long) and El-Sabbagh et
al. (2017, up to 18 cm long, see fig. 3) from shal low-ma rine set -
tings. Chrz¹stek et al. (2018) re ported crus ta cean bur rows of
sim i lar size (Rosarichnoides sudeticus), con sist ing of eight
swol len cham bers (up to 10 cm long each), from an up per
shoreface set ting (Coniacian sand stones, North Sudetic
Synclinorium). Dactyloidites, which is also com mon in the mid -
dle Turonian sand stones of D³ugopole Górne Quarry, is re -
garded as a good palaeonvironmental in di ca tor, due to its oc -
cur rence un der spe cific con di tions (bathymetry, sa lin ity, avail -
abil ity of nu tri ents) in a re stricted en vi ron ment, be neath the
fair-weather wave base (cf. Uchman and Pervesler, 2007;
Wilmsen and Niebuhr, 2014a and ref er ences therein). More -
over, the pres ence of rare, newly rec og nized trace fos sils, such
as ?Ancorichnus, Asterosoma, Dactyloidites, Funalichnus,
Phycodes, Phycosiphon, Planolites in di cate sed i men ta tion of
the de pos its stud ied be low the fair-weather wave base, in a
lower shoreface set ting (see Pem ber ton et al., 2001, 2012;
Pokorný, 2008; Buatois and Mángano, 2011; Wilmsen and
Niebuhr, 2014a). Planolites and Curvolitus are also de scribed
mainly from shoreface-up per off shore en vi ron ments (Buatois et 
al., 1998; Pem ber ton et al., 2012). In the D³ugopole Górne sec -
tion Phycosiphon com monly co-oc curs with Dactyloidites
(Fig. 6H, J) or with ?Ancorichnus isp. (Figs. 5B and 9C). These
ichnotaxa have usu ally been re ported from en vi ron ments rang -
ing from the lower shoreface to off shore (Desai and Saklani,
2014; Wilmsen and Niebuhr, 2014a; MacEachern and Bann,
2020). More over, Planolites beverleyensis ap pears also in a
Thalassinoides infill (Fig. 10F). Ear lier, Chrz¹stek (2013a), de -
scribed ?Macaronichnus within a Thalassinoides infill from
these de pos its. Macaronichnus has usu ally been re ported from
fore shore-up per shoreface set tings, but in storm-or i gin de pos its 
can oc cur up to a lower shoreface set ting (Pem ber ton et al.,
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2001; Uchman and Krenmayr, 2004; Olivero and López
Cabrera, 2020). The newly found bor ings Entobia are known
from the mar ginal-ma rine to off shore set tings (Wil son, 2007;
El-Hedeny and El-Sabbagh, 2018), but with in creas ing wa ter
depths they be come less com mon (Bromley and Asgaaard,
1993; El-Sabbagh, 2008). Schmidt-Neto et al. (2018) re ported
that in Me so zoic and Ce no zoic de pos its, Entobia oc curs usu ally 
in set tings be low the fair-weather wave base.

In the ichnoassemblage stud ied, hor i zon tal traces pre vail,
but ver ti cal bur rows also ap pear. Hor i zon tal and ra dial bur rows,
at trib ut able to de posit- or de tri tus-feed ers (?Ancorichnus,
Curvolithus, Asterosoma, Planolites, Dactyloidites,
Phycosiphon, Phyco des, Thalassinoides), char ac ter ize low en -
ergy con di tions typ i cal of the prox i mal Cruziana ichnofacies (be -
neath the fair-weather wave base), while ver ti cal ones, typ i cal of 
sus pen sion-feed ers (Ophiomorpha, Funalichnus), point to
more en er getic con di tions, char ac ter is tic of the dis tal Skolithos
ichnofacies (slightly above the fair-weather wave base). Ad di -
tion ally, the bor ing Entobia, which char ac ter izes the
Gnathichnus ichnofacies, is also as so ci ated with low en ergy
con di tions, when the bi valve moulds were bioeroded (Belaúste -
gui et al., 2015; Schmidt-Neto et al., 2018 and ref er ences
therein). The mod er ate ichnodisparity of the as sem blage, and
the pres ence of bur rows with hor i zon tal spreiten, ra dial to
rosetted struc tures or maze and boxwork bur rows (cf. Buatois
et al., 2017), also sug gests the pre dom i nance of gen er ally
lower en ergy con di tions dur ing de po si tion of these sand stones.
The prox i mal Cruziana ichnofacies sug gests quiet sed i men ta -
tion, un der low en ergy hy dro dy namic con di tions on a dis tal
lower shoreface, while the dis tal Skolithos ichnofacies is typ i cal
of more en er getic con di tions, prob a bly con nected with more
com mon and abun dant sand sup plies, on a prox i mal lower
shoreface. Dactyloidites, Phycosiphon, ?Ancorichnus, Phyco -
des and hor i zon tal bur rows of Ophiomorpha are com monly as -
so ci ated with fine- and me dium-grained sand stones, and
Asterosoma, Curvolithus, Thalassinoides and Ophio morpha
(shafts) with me dium-coarse grained de pos its. This might also
in di cate slightly higher-en ergy con di tions in the case of the lat -
ter bur rows. More over, in the lower and up per part of the mid dle
Turonian sec tion at D³ugopole Górne Quarry, Thalassinoides
and Ophiomorpha are com mon. In the mid dle and up per part of
the D³ugopole Górne sec tion Ophiomorpha dom i nates (mostly
as ver ti cal bur rows) and bi valves pre vail (Fig. 11C–H). Other
trace fos sils, e.g., Asterosoma cf. ludwigae, Curvolithus sim -
plex, Phycodes cf. palmatus, Thalassinoides isp. (swol len
cham bers) ap pear in the up per most part of this mid dle Turonian 
suc ces sion (Figs. 4 and 5A). In the up per part of the suc ces -
sion, trace fos sils are more abun dant (es pe cially ophiomorids),
than in its lower and mid dle part (Fig. 4), sim i lar to the case of
their equiv a lents in the Intra-Sudetic Synclinorium, the Radków
Sand stones (cf. Jerzykiewicz and Wojewoda, 1986). This might 
sug gest the greater hy dro dy namic en ergy and a slightly shal -
lower palaeonvironment dur ing de po si tion of the up per part of
the D³ugopole Górne de pos its.

Sed i men ta tion of these mid dle Turonian sand stones prob a -
bly took place in a nor mal sa lin ity and well-ox y gen ated en vi ron -
ment. Asterosoma and Phycosiphon are re garded as trace fos -
sils strongly as so ci ated with fully ma rine, stenohaline con di tions 
(Bromley and Uchman, 2003; MacEachern and Gingras, 2007;
Gingras et al., 2011), while Planolites, Ophiomorpha,
Thalassinoides (so called fa cies-cross ing ichnogenera) are
also known from brack ish con di tions (mesohaline).
Dactyloidites, though, has been re garded as a trace fos sil typ i -
cal of mesohaline set tings (Agirrezabala and Gibert, 2004), but
has also been re ported from en tirely ma rine en vi ron ments
(Wilmsen and Niebuhr, 2014a), sim i larly to Curvolithus (Buatois 

et al., 1998). Other bur rows, such as ?Ancorichnus, Funalich -
nus and bor ings Entobia are com monly re ported from open ma -
rine set tings (El-Sabbagh, 2008; Pokorný, 2008; Luo et al.,
2020). The mod er ately di verse trace fos sil as sem blage, com -
pris ing a va ri ety of etho log i cal cat e go ries, as well as the pres -
ence of com mon Thalassinoides point to a well-ox y gen ated en -
vi ron ment (Buatois and Mángano, 2011; Gingras et al., 2011;
Hofmann et al., 2011). Phycosiphon, though, is re garded as an
in di ca tor of low-ox y gen con di tions, when pres ent in
monospecific as sem blages (Bromley and Ekdale, 1984;
Baucon et al., 2020). In mod er ately to highly di verse
ichnoassemblages this ichnotaxon usu ally oc curs in well-ox y -
gen ated en vi ron ments.

Asterosoma, Dactyloidites, Phycodes and Phycosiphon are 
ev i dence of an ep i sod i cally nu tri ent-rich en vi ron ment. The
pres ence of both sus pen sion- and de posit-feed ers sug gests
avail abil ity of food in sus pen sion and in the de posit (see
Baucon and Neto de Carvalho, 2008). The oc cur rence of
Planolites beverleyensis (the pres ent study) and ?Macaro -
nichnus (Chrz¹stek, 2013a) in Thalassinoides might sug gest
bur row fill ings as ad di tional food re sources for some trace mak -
ers (cf. Rodríguez-Tovar, 2005; £aska et al., 2017). More over,
ac cord ing to the au thors cited, the darker col our of
Ophiomorpha and Thalassinoides, than the host sed i ment,
might be con nected with the de po si tion of rusty lay ers dur ing
sed i men ta tion of the sand stones or with growth of bac te ria and
al gae on the bur row walls (see also Vlahoviæ et al., 2011;
Chrz¹stek, 2013a).

In sum mary, ichnological anal y sis, such as a mod er ately di -
verse trace fos sil as sem blage, mod er ate ichnodisparity (11 ar -
chi tec tural de signs), with sparse to com mon (Bi = 0–4), com -
monly of low to mod er ate bioturbation (BI = 2–3) and the pres -
ence of shal low- to mid-tier trace fos sils pro duced mostly by de -
posit-feed ers in di cates a trace fos sil as sem blage char ac ter is tic
of prox i mal to dis tal lower shoreface set tings (Fig. 12). Sed i -
men ta tion took place in a well-ox y gen ated, soft-ground, oc ca -
sion ally nu tri ent-rich ba sin with nor mal sa lin ity un der gen tle to
mod er ate hy dro dy namic con di tions, in ter rupted by more en er -
getic con di tions prob a bly as so ci ated with more com mon or
abun dant sand sup plies.

PALAEOECOLOGICAL, SEDIMENTOLOGICAL 
AND PALAEOGEOGRAPHICAL IMPLICATIONS

The as so ci ated bi valves, mostly sus pen sion-feed ers, es pe -
cially oys ters (e.g., Rhynchostreon), also sug gest a shal low
ma rine, well-ox y gen ated, nu tri ent-rich low to mod er ate en ergy
set ting (Dhondt et al., 1999; Seeling and Bengtson, 1999;
Moussavou, 2017; Wetzel et al., 2020), up to 25–30 m deep
(Schnei der et al., 2011; Ayoub-Hannaa et al., 2014). Pinnids in -
di cate mostly lower en ergy con di tions (see Bengtson et al.,
2014), e.g. in a lower shoreface set ting (Carmona et al., 2020).
The pres ence of brachi o pods (cf. Chrz¹stek, 2013a) also in di -
cates a nor mal sa lin ity (stenohaline) en vi ron ment.

The mid dle Turonian sand stones ex posed in D³ugopole
Górne Quarry, show ing gi ant-scale cross-bed ding, are
proabably part of a progradational ac cu mu la tion ter race de pos -
ited on fault-con trolled scarps par al lel to the Cre ta ceous
palaeoshore (cf. Don and Wojewoda, 2004). The de pos its stud -
ied are mainly structureless, but par al lel lam i na tion is lo cally ob -
served (see also Don and Wojewoda, 2004). Other sed i men -
tary struc tures, as hummocky cross-strat i fi ca tion, cross-strat i fi -
ca tion or rip ple marks, were not ob served. More over, a coars -
en ing-up wards trend in the suc ces sion was also ob served, es -
pe cially in the south ern part of D³ugopole Górne Quarry (cf.
Jerzykiewicz and Wojewoda, 1986: fig. 5; Wojewoda, 1997;
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Fig. 5A). How ever, within the de pos its stud ied, me dium-grained 
sand stones pre vail. The dom i nance of bur rows char ac ter is tic of 
the Cruziana ichnofacies and lack of the trace fos sils of sus pen -
sion-feed ing or gan isms, such as Skolithos, Arenicolites,
Diplocraterion, Conichnus and es cape traces (fugichnia), typ i -
cal of the Skolithos ichnofacies sup port this in ter pre ta tion and
do not point to a storm orgin of these de pos its (cf. Chrz¹stek,
2020). The sed i men tary struc tures (gi ant-sale cross-lam i na -
tion), coars en ing-up wards trend of the suc ces sion, as well as
the abun dance of trace fos sils in the up per part of the sand -
stones stud ied are in agree ment with the hy poth e sis on the

style of de po si tion sug gested ear lier by Jerzykiewicz and
Wojewoda (1986), Wojewoda (1997) and Rotnicka (2005, see
Ophiomorpha ichnofabric) for their coun ter parts in the
Intra-Sudetic Ba sin (Radków Sand stones).

The co eval de pos its of the ad ja cent Bo he mian Cre ta ceous
Ba sin, due to the pres ence of steep foreset pack ages, a coars -
en ing-up wards trend and the dom i nance of coarse-grained de -
pos its, were re garded re cently as the de pos its of coar se- grain -
ed Gilbert- or fan-type del tas (Ulièný, 2001; Laurin and Ulièný,
2004). This style of de po si tion was also sug gested for the
Coniacian de pos its from the Bo he mian Ba sin (see Ulièný et al.,
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Fig. 12. En vi ron men tal distrubution of the trace fos sil as sem blage re ported in the mid dle Turonian sand stones 
of D³ugopole Górne Quarry and in loose blocks lo cated at Szklary and Wojs³awice
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2009). The deltaic or i gin of the equiv a lents from the Bo he mian
Ba sin seems to be doubt ful for the de pos its in D³ugopole Górne
Quarry. The sedimentological pat tern re corded in the
D³ugopole Górne strata, e.g., pre dom i nance of fine- to me -
dium-grained sand stones and lack of small scale trough
cross-strat i fi ca tion (cf. Nadaskay and Ulièný, 2014: fig. 7C) are
not ev i dence of a Gilbert-delta or i gin of these sand stones (cf.
Ulièný, 2001; Laurin and Ulièný, 2004). Though all trace fos sils
re corded in the de pos its stud ied have been de scribed from fan-
or Glibert-type del tas, e.g., Curvolithus, Ancorichnus,
Phycosiphon, Phycodes, Ophio morpha, Thalassinoides (see
dis cus sion in Hovikovski et al., 2019 and Chrz¹stek, 2020), the
pre dom i nance of traces typ i cal of the Cruziana ichnofacies, lack 
of fugichnia and other re-equil i bra tion struc tures and high val -
ues of bioturbation in dex (BI = 0–4, com monly 2–3), are not
con sis tent with the high en ergy events char ac ter is tic for such a
style of de po si tion (com pare also MacEachern and Bann,
2020). In the co eval de pos its from the Bo he mian Cre ta ceous
Ba sin, re garded as Gilbert-type fa cies, the val ues of
bioturbation in dex are low (BI = 1–2) and monotypic trace fos sil
as sem blages ap pear (cf. Laurin and Ulièný, 2004). More over,
grav elly sand stones, up to con glom er atic, of ten oc cur next to
fine- to coarse-grained de pos its, a pat tern ab sent in the Pol ish
part of the Late Cre ta ceous Ba sin (Up per Nysa K³odzka
Graben). Due to the lack of a small scale trough cross-strat i fi ca -
tion in these de pos its, the other hy poth e sis sug gested for the
depositional en vi ron ment of the sandy bod ies from the Bo he -
mian Ba sin, off shore bars, by Skoèek and Valeèka (1983),
seems not to be ap pro pri ate for the sand stones from the Up per
Nysa K³odzka Ba sin.

The cur rent study, es pe cially the new trace fos sils finds,
sup ports the pre vi ous sug ges tion of Chrz¹stek (2013a) that
sed i men ta tion of the mid dle Turonion sand stones took place in
a shal lower en vi ron ment, on the lower shoreface, than pre vi -
ously sug gested, e.g., off shore or ?up per off shore (cf.
Jerzykiewicz and Wojewoda, 1986; Don and Wojewoda, 2004;
Rotnicka, 2005).

The ichnoassemblage stud ied shows close af fin ity in
ichnotaxonomical com po si tion to those of other ad ja cent Late
Cre ta ceous bas ins, e.g Intra-Sudetic, North Sudetic (Po land),
Bo he mian  and Saxonian (Czech Re pub lic, Ger many re spec -
tively; Fig. 1), though the dif fer ent source ar eas (e.g., East or
West Sudetic is lands), and their in de pend ent tec tonic ac tiv ity,
caused some dif fer ences in the evo lu tion of their sed i men tary
suc ces sions (cf. Niebuhr and Seibertz, 2018). The suc ces sion
stud ied is most sim i lar in style of de po si tion to that of the
Intra-Sudetic Ba sin (ac cu mu la tion ter races), while in fa cies
(sandy) to those of the Bo he mian and Saxonian Cre ta ceous
bas ins (Ulièný, 2001; Janetschke and Wilmsen, 2014). Sim i lar
ichnotaxa, e.g., Palaeophycus, Ophiomorpha, Asterosoma,
Thalassinoides and Phycosiphon were re ported by Rotnicka
(2005) from the mid dle Turonian of the Intra-Sudetic Ba sin,
while Thalassinoides, Ophiomorpha, Planolites, Funalichnus
are known from the equiv a lent de pos its of the Bo he mian Ba sin
(Ulièný, 2001; Laurin and Ulièný, 2004; Pokorný, 2008). More -
over, trace fos sils re corded in the mid dle Turonian sand stones
have also been de scribed from co eval de pos its in the North
Sudetic Ba sin and Saxonian Ba sin, e.g., Asterosoma,
Ophiomorpha, Thalassinoides, Funalichnus, Dactyloidites,
Planolites and the bor ing Entobia (cf. Niebuhr and Wilmsen,
2016). The trace fos sils stud ied have also been re ported from
other Up per Cre ta ceous suc ces sions (up per Turonian– 
Coniacian) from the bas ins cited (Mikuláš, 2006; Leszczyñski,
2010, 2018; Chrz¹stek and Wypych, 2018; Chrz¹stek, 2020).

Fur ther more, as so ci ated body fos sils re ported from the cur -
rent de pos its, such as oys ters (Rhynchostreon), pinnids, limids

and rhynchonellid brachi o pods have also been de scribed from
the mid dle Turonian of Ger many, Sax ony (Wilmsen and
Niebuhr, 2014b), Ba varia (Wilmsen et al., 2007; Schnei der et
al., 2011, 2013) and the Czech Re pub lic (Drahota, 1995;
Tröger, 2003). The abun dance of Rhynchostreon suborbicu -
latum (Fig. 12C, G, H, J) in the mid dle Turonian sand stones of
D³ugopole Górne Quarry (Up per Nysa K³odzka Graben) con -
firms the pres ence of Tethyan oys ters also in Po land (North
Tem per ate Realm).

DISCUSSION AND CONCLUSIONS

In the mid dle Turonian sand stones of D³ugopole Górne
Quarry a mod er ately di verse trace fos sil as sem blage has been
rec og nized, com pris ing bur rows and bor ings (21 ichnospecies,
11 ichnogenera), some of them un known ear lier from the study
area or from the Up per Nysa K³odzka Graben (8, 5 re spec tively; 
Ta ble 1). Fodinichnia or pascichnia/fodinichnia (Asterosoma cf. 
ludwigae, Asterosoma isp., Dactyloidites ottoi, Phycodes cf.
palmatus, cf. Phycodes isp., Phycosiphon incertum,
?Phycosiphon isp., Planolites beverleyensis, Thalassinoides
paradoxicus, Thalassinoides suevicus type A and B) pre vail in
the as sem blage. Domichnia or domichnia/fodinichnia are com -
mon (Ophiomorpha nodosa, Ophiomorpha isp., Funalichnus
strangulatus), while pascichnia, pascichnia/repichnia and
repichnia are rare (?Ancorichnus isp., Curvolithus sim plex, re -
spec tively). More over, the bor ing Entobia and some as so ci ated 
body fos sils, bi valves (?Brachidontes, Lima canalifera, Pinna
cretacea, Rhynchostreon suborbiculatum), in the ma jor ity pre -
vi ously un known from the study area, were also re corded.

The pres ence of Dactyloidites, Phycodes, Phycosiphon
and Thalassinoides, typ i cal of the Cruziana ichnofacies, in di -
cates slow sed i men ta tion un der low en ergy hy dro dy namic con -
di tions. The pres ence of Ophiomorpha, which is char ac ter is tic
of the Skolithos ichnofacies, might sug gest slightly higher
(mod er ate) en ergy con di tions, prob a bly as so ci ated with more
abun dant sand sup plies (cf. Rotnicka, 2005).

The mod er ate ichnodiversity and ichnodisparity of the
ichnoassemblage, with sparse to com mon bioturbation (BI =
0–4), com monly low to mod er ate (BI = 2–3), in di cates the prox i -
mal Cruziana ichnofacies, which char ac ter izes the dis tal lower
shoreface and the dis tal Skolithos ichnofacies typ i cal of the
prox i mal lower shoreface. The sed i men ta tion took place in a
shal low ba sin, well-ox y gen ated with nor mal sa lin ity, oc ca sion -
ally rich in nu tri ents (e.g., Dactyloidites ottoi, Asterosoma cf.
ludwigae, Phycodes cf. palmatus, Phycosiphon incertum), un -
der low-mod er ate en ergy con di tions, close to the fair-weather
wave base. Ac com pa ny ing body fos sils, the oys ters
Rhynchostreon and pinnids Pinna (Pinna) cretacea, also point
to a shal low-ma rine en vi ron ment, up to 35–50 m deep.

Ichnological stud ies sup ports the sedimentological in ter pre -
ta tions of these de pos its by Jerzykiewicz and Wojewoda (1986) 
and Wojewoda (1997), in that these mid dle Turonian sand -
stones might be a part of a gi ant-scale cross-bed ding ac cu mu -
la tion ter race. The oc cur rence of coarser-grained sand stones
and abun dant ophiomorphid bur rows in the up per part of the
suc ces sion might sug gest a shallowing-up wards trend.

Nei ther the ichnological nor the sedimentological anal y ses
point to a storm or i gin for these de pos its. More over, there is no
ev i dence of their deltaic or i gin, sug gested for their coun ter parts
in the Bo he mian Ba sin (see dis cus sion in Ulièný, 2001;
Hovikoski et al., 2019; MacEachern and Bann, 2020).

The trace fos sil as sem blage shows most af fin ity in
ichnotaxonomical com po si tion to the equiv a lent as sem blages
from the Intra-Sudetic Ba sin and the Bo he mian and Saxonian

Alina Chrz¹stek and Nadia Nowicka / Geo log i cal Quar terly, 2021, 65: 10 23

https://gq.pgi.gov.pl/article/view/7765
https://gq.pgi.gov.pl/article/view/25981
https://gq.pgi.gov.pl/article/view/7363
https://gq.pgi.gov.pl/article/view/7363
https://gq.pgi.gov.pl/article/view/7363


Cre ta ceous bas ins (Ulièný, 2001; Rotnicka, 2005; Pokorný,
2008; Niebuhr and Wilmsen, 2016).

The study doc u ments the oc cur rence of sev eral bi valve
(pinnids, oys ters, limids) and brachi o pod taxa (rhynchonellids),
re corded ear lier from co eval de pos its of the Bo he mian Ba sin,
Ba varia and Sax ony, in di cat ing Tethyan in flu ences in these re -
gions.
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