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Lithofacies and ichnological fea tures of the Coniacian de pos its of the up per part of Żerkowice Mem ber and low est part of the
over ly ing Czerna For ma tion in south east ern part of the North Sudetic Synclinorium are de scribed and their sed i men tary
palaeoenvironment is in ter preted. The study con firms a shal low-ma rine to paralic/paludine palaeoenvironment. Sed i men ta -
tion of the Żerkowice Mem ber oc curred in an up per shoreface en vi ron ment dom i nated by waves, tidal cur rents and
wave-gen er ated along shore cur rents, with an ep i sodic en croach ment of fore shore zone and shoal-wa ter del tas. The in ter -
pre ta tion is sup ported by a high-di ver sity as sem blage of trace fos sils with 21 ichnogenera, rep re sent ing a stressed ex pres -
sion of the Skolithos Ichnofacies dom i nated by Ophiomorpha nodosa and a prox i mal ex pres sion of the Cruziana Ichnofacies
with Thalassinoides and rare spec i mens of di verse other ichnotaxa. Sed i men ta tion of the Czerna For ma tion com menced af -
ter a sta sis, with at least a lo cal hi a tus caused by emer gence, and pro ceeded in a lat er ally and ver ti cally more var ied en vi ron -
ment, with transgressive coastal la goons evolv ing into fresh wa ter lakes and marshes and with a re pet i tive re gres sive
in tru sion of shoreface and shoal-wa ter del tas. The emer gence of the area is re corded by coal-bear ing de pos its with
plant-root traces. Lo cal oc cur rence of the Teredolites Ichnofacies in coal (peat) de pos its above the base of the Czerna For -
ma tion in di cates re newed ma rine flood ing. Con tin u a tion of the lat ter is lo cally ev i denced by a trace-fos sil as sem blage with
17 ichnogenera, rep re sent ing prox i mal ex pres sion of the Cruziana Ichnofacies fol lowed by dis tal ex pres sion of the Skolithos
Ichnofacies in the over ly ing transgressive–re gres sive cyclothems. The palaeoenvironmental changes re corded by the sed i -
men tary suc ces sion in di cate bathymetric fluc tu a tions and im ply con sid er able shore line shifts and palaeogeographic
changes in the ba sin. These changes are in ter preted as a com bined sig nal of 2nd- and 3rd-or der eustatic cy cles, mod i fied
and partly oblit er ated by the ef fects of intrabasinal tec tonic forc ing and by palaeogeographically con trolled vari a tion in sed i -
ment sup ply. 
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INTRODUCTION

Cre ta ceous de pos its (Cenomanian–Santonian), as re gards
their thick ness and out crop area, are a ma jor strati graphic com -
po nent of the North Sudetic Synclinorium (NSS). Based on
lithofacies and body fos sils, the sed i men tary en vi ron ment of
these de pos its was rec og nized as shal low ma rine, rang ing broa -
dly from nearshore and shal low off shore to paralic (Andert, 1934; 
Scupin, 1936; Bassyouni, 1984; Milewicz, 1991a, b, 1997).
Trace fos sils abound, but – apart from a cur sory in ter pre ta tion of
ichnofacies by Bassyouni (1984) – have thus far been lit tle stud -
ied, al though they are an im por tant re cord of palaeoenviron -
mental con di tions (see Tay lor et al., 2003; McIlroy, 2004; Mac -
Eachern et al., 2007a, b; Knaust and Bromley, 2012; Gingras

and MacEachern, 2012). The first de tailed ichnological anal y sis
has been only re cently re ported by Leszczyński (2010) from the
sedimentological study of a sin gle small sec tion of the Coniacian
suc ces sion, namely the lower part of the Czerna For ma tion of lat -
est Coniacian age (Walaszczyk, 2008) in Rakowice Małe area.
The ichnological data helped re fine an ear lier sedimentological
in ter pre ta tion of these de pos its and in di cated pre cisely the on set
of a new ep i sode of ma rine sed i men ta tion af ter that of the un der -
ly ing Żerkowice Mem ber. This lo cal study in spired the au thor to
ex tend the in te grated sedimentological and ichnological re -
search to other ar eas and other parts of the Coniacian sed i men -
tary suc ces sion. At the fi nal stage of the work, it turned out that
sim i lar re search was con ducted simultaneousy in the Żerkowice
Mem ber by other re search ers. Their study (Chrząstek and
Wypych, 2016, 2018; Chrząstek et al., 2018) en riched data
gained by the au thor, also in show ing some con tro ver sial opin -
ions con cern ing some trace fos sils, ichnofacies and depositio nal
en vi ron ment.

The pres ent pa per re ports on the re sults of the au thor’s sev -
eral years of sedimentological and ichnological re search on the
Coniacian de pos its of the up per part of Żerkowice Mem ber of
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the Rakowice Wielkie For ma tion (Milewicz, 1985) and lower
part of the over ly ing Czerna For ma tion. The prin ci pal aims of
this pa per are to: 

– de scribe mac ro scopic sed i men tary fea tures of both abiotic

and bi otic or i gin, in clud ing tax o nomic clas si fi ca tion of the

lat ter and their dis tri bu tion and as so ci a tion with the for mer in 

the Coniacian ba sin-fill suc ces sion; 

– dem on strate the im por tance of ichnological data in the

palaeoenvironmental re con struc tion of com plex shal -

low-ma rine suc ces sions with high lat eral vari abil ity and fre -

quent strati graphic changes of ba sin con di tions; and 

– con trib ute to the gen eral knowl edge on Coniacian sed i men -

ta tion and palaeo ge ogra phy in the North Sudetic re gion.

REGIONAL GEOLOGICAL SETTING 
AND STRATIGRAPHY

The study area is lo cated in the south east ern part of the
North Sudetic Synclinorium (NSS) (Fig. 1). The NSS rep re sents 
one of sev eral mid-Cre ta ceous bas ins that de vel oped within
and around the Bo he mian Mas sif due to the stress field of the
Al pine orog eny (Fig. 2). These bas ins formed by re ac ti va tion of
older, mainly Variscan, shear zones dis sect ing the Bo he mian
Mas sif and its pe riph er ies. The NSS formed as a south east ern
ex ten sion of the East Brandenburg Ba sin (Musstow, 1968;
Voigt et al., 2008), at the in ter face of Tethyan and Bo real realms 
(Fig. 2). To the north-east, the NSS is bor dered by the el e vated
Fore-Sudetic Block and its north-west ern en ve lope known as
the ¯ary Pericline. The Fore-Sudetic Block is de void of Me so -
zoic rocks, whereas the ̄ ary Pericline in volves Perm ian to Mid -
dle Tri as sic de pos its. To the south west, the NSS is bor dered by
the el e vated Görlitz Fold Belt and the Kaczawa
Greenstone-and-Slate Fold Belt made of pre-Perm ian meta -
mor phic rocks (¯elaŸniewicz et al., 2011). 

Cre ta ceous de pos its con sti tute the youn gest part of a dis -
con tin u ous Up per Palaeozoic–Me so zoic sed i men tary suc ces -
sion in the NSS. These Cenomanian to Santonian de pos its in -
clude sand stones, marlstones, mudstones and claystones with
sub or di nate in ter ca la tions of other rocks, mainly lime stones
(Milewicz, 1965, 1997). Out crops and drill ing cores show con -
sid er able lat eral and ver ti cal vari a tion of these de pos its, with
sand stone bod ies pinch ing out in marlstones, lime stones and
mudstones to wards the north-west (Figs. 3–5). Litho stra ti gra -
phic in ter pre ta tion of the sed i men tary suc ces sion has evolved
with time (see Milewicz, 1997). The early Ger man ge ol o gists in
the re gion re ferred to the thick sand stone units as Qua -
dersandstein (Beyrich, 1849). The cur rent lithostratigraphy was
pro posed by Milewicz (1985), who sub di vided the suc ces sion
into three roughly de fined for ma tions. The lower part of the suc -
ces sion, com pris ing the sand stone units with in ter ven ing marl -
stones and co eval marlstones and lime stones, was dis tin -

768 Stanis³aw Leszczyñski

Fig. 1. Geo graph ical and geo log i cal lo ca tion of the study area

A – lo ca tion of the study area in broader re gional con text (mod i fied
af ter Po¿aryski et al., 1979); B – lo ca tion of the out crops and bore -
hole pro files stud ied rel a tive to the North Sudetic Synclinorium and
its sur round ings, with out Ce no zoic (com piled af ter Milewicz, 1997;
Po¿aryski et al., 1979). For closer in for ma tion on the out crop lo cal i -
ties see Ta ble 1

Fig. 2. Palaeogeographic lo ca tion of the North Sudetic
Cre ta ceous Ba sin (mod i fied from Ziegler, 1990;

Nádaskay and Ulièný, 2014)

Land masses: AM – Armori can Mas sif, CCM – Cen tral Carpathian
Mas sif, CEL – Cen tral Eu ro pean Land, CM – Cornubian Mas sif, ESI
– East Sudetic Is land, GH – Grampian High, IM – Irish Mas sif, MC –
Mas sif Cen tral, WSI – West Sudetic Is land



guished as the Rakowice Wielkie For ma tion (RWFm). The in di -
vid ual sand stone units within the RWFm were dis tin guished as
sep a rate mem bers (Fig. 3). The pres ent study fo cuses on the
up per most of these units, at the top of the RWFm in the south -
ern to south east ern part of the NSS, which was named the
Żerkowice Mem ber (ZMb) by Milewicz (1985) and ear lier called
Oberer Quadersandstein (Drescher, 1863; Williger, 1882). 

The ZMb is up to ~100 m thick and com posed of fine- to me -
dium-grained and subordinately coarse-grained quartz arenitic
sand stones of a cream-yel low to light-or ange and grey ish-white 
col our, weakly ce mented to nearly soft (Milewicz, 1965, 1985,
1991a, 1997; Engel et al., 1978). Mudstone interbeds oc cur lo -
cally, par tic u larly at the unit top. The sand stones are poorly

bed ded and range from me dium to large-scale trough cross -
-strat i fied and tab u lar pla nar cross-strat i fied to mas sive, plane -
-par al lel strat i fied and rip ple cross-lam i nated, lo cally bur rowed
(Milewicz, 1965, 1997; Bassyouni, 1984). Es cape and dwell ing
traces, con sid ered to rep re sent an un de fined Monocraterion
Ichnofacies or the Cruziana Ichnofacies, were men tioned by
Bassyouni (1984). Body fos sils are rare, rep re sented by bi -
valves (in clud ing inoceramids), gas tro pods, ammonites and
echinoids (Milewicz, 1965).

The lower bound ary of the ZMb is rel a tively sharp, with the
un der ly ing dark grey mudstones over lain by mas sive, mainly
fine-grained, quartzose sand stones. How ever, the bound ary in
some ar eas (e.g., in bore hole N24) is less dis tinct and re mains
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T a  b l e  1

List of out crop lo cal i ties (la belled 1–12) and their char ac ter is tics

No. Lo cal ity name Out crop GPS 
co or di nates Out crop type Gen eral fea tures of ex posed suc ces sion

1.

Czaple

(four out crops
la belled A–D)

Out crop A

51°08’29"N

15°45’36"E

Ac tive quarry at the top of Kopka Hill,
op er ated by com pany 
Gruszecki Sp. z o.o.

Thick- and very thick-bed ded sand stones of the
Żerkowice Mem ber (Rakowice Wielkie For ma tion) in all 

out crops. Small lo cal rel ics of the low er most part of
Czerna For ma tion (var ie gated claystones, mudstones

and sand stones)  in out crop B

Out crop B

51°08’28"N

15°45’40"E

Ac tive quarry at the top of Kopka Hill,
op er ated by com pany
 Kamieniarz Sp. z o.o. 

Out crop C

51°08’32"N

15°45’11"E

Aban doned quarry on south west ern
slope of Kopka Hill, owned by com pany 

Kamieniarz Sp. z o.o. 

Out crop D

51°08’41"N

15°44’52"E

Aban doned quarry at the west ern foot
of Kopka Hill, owned by com pany

Kamieniarz Sp. z o.o.

2. Zbylutów 
51°08’57"N

15°39’31"E
Ac tive quarry Zbylutów IV, op er ated by

Kopalnia Piaskowca JAN 
Thick- and very thick-bed ded sand stones of the

Żerkowice Mem ber (Rakowice Wielkie For ma tion)

3. Gaszów
51°09’32"N

15°37’5"E
Long-aban doned quarry, 
over grown by veg e ta tion

Very thick- and thick-bed ded sand stones of the
Żerkowice Mem ber (Rakowice Wielkie For ma tion)

4. Żeliszów
51°11’5"N

15°38’54"E
Re cently re-ac ti vated quarry op er ated

by com pany Kamieniarz Sp. z o.o.
Thick- and very thick-bed ded sand stones of the

Żerkowice Mem ber (Rakowice Wielkie For ma tion)

5. Wartowice
51°12’45"N

15°39’12"E

Ac tive quarry op er ated by com pany
Hofmann Natursteinwerke Polen,

GmbH

Thick- and very thick-bed ded sand stones with one or
two in ter ca la tions of mudstones and heterolithic de pos -

its (Żerkowice Mem ber of Rakowice Wielkie For ma -
tion), over lain by grey and var ie gated mudstones with

thin coal and sand stones (Czerna For ma tion)

6. Skała I
51°09’35"N

15°34’57"E

Ac tive quarry op er ated by com pany
Hofmann Natursteinwerke Polen,

GmbH

Very thick-bed ded sand stones of the Żerkowice 
Mem ber (Rakowice Wielkie For ma tion)

7. Skała II
51°09’30"N

15°34’30"E Rock tor “Medalion”
Very thick-bed ded sand stones of the Żerkowice 

Mem ber (Rakowice Wielkie For ma tion)

8. Żerkowice
51°09’40"N

15°34’26"E
Ac tive quarry op er ated by com pany

Kopalnie Piaskowca S.A. Bolesławiec
Very thick-bed ded sand stones of the Żerkowice 

Mem ber (Rakowice Wielkie For ma tion)

9.
Rakowice Małe

(Rakowiczki)
51°9’57"N

15°32’33"E
Re cently aban doned quarry owned by
Kopalnie Piaskowca S.A. Bolesławiec

Very thick-bed ded sand stones of the Żerkowice 
Mem ber (Rakowice Wielkie For ma tion) over lain 
by var ie gated and grey mudstones with thin coal

seams, heterolithic de pos its and thin to thick 
sand stone beds (Czerna For ma tion)

10. Kotliska
51°09’48"N

15°30’51"E
Long-aban doned quarry, over grown 

by veg e ta tion
Very thick-bed ded sand stones of the Żerkowice 

Mem ber (Rakowice Wielkie For ma tion)

11. Milików
51°11’13"N

15°26’18"E
An ar ray of closely spaced, long-

aban doned and over grown quar ries
Very thick-bed ded sand stones of the Żerkowice 

Mem ber (Rakowice Wielkie For ma tion)

12. Osiecznica
51°19’40"N

15°23’45"E

Ac tive sand pit op er ated by Kopalnia i
Zakład Przeróbczy Piasków

Szklarskich Sp. z o.o.

In dis tinctly bed ded, weakly ce mented sand stones with
sev eral thin mudstone in ter ca la tions in top part of 

the Żerkowice Mem ber (Rakowice Wielkie For ma tion),
over lain by dark grey mudstones with two pack ages 
of heterolithic de pos its and sand stone-dom i nated 

top part (Czerna For ma tion)

 For their map lo ca tion, see Fig ure 1B 



con tro ver sial, as the sand stone lithofacies there ex tend down -
wards to the lower Coniacian and up per Turonian (Bossowski,
1991b). The up per bound ary is sharp in most ar eas (Fig. 6),
marked by the con tact of sand stones with the over ly ing pack -
age of dom i nantly claystones and mudstones. This con tact also 
con sti tutes the up per bound ary of the RWFm. 

The de pos its above the ZMb are loosely sub di vided into two 
co eval for ma tions, re ferred to as the Wêgliniec For ma tion
(WFm) and Czerna For ma tion (CFm) (Fig. 3; Milewicz, 1985).
The WFm con sists al most ex clu sively of mudstones, whereas
the CFm, which oc cu pies the south east ern part of the NSS,
com prises sand stones in ter ca lated with claystones and thin
coal beds (Milewicz, 1965). The low er most part of the CFm
(2–50 m thick) – com pris ing limnic claystones and rest ing di -
rectly on the ZMb – was dis tin guished by Milewicz (1985) as the 
Nowogrodziec Mem ber (NMb).

In the out crop sec tion at Rakowice Ma³e, Leszczyñski
(2010) has rec og nized ho ri zons with plant-root casts and other
bioturbation struc tures, in clud ing 14 ichnogenera, in the NMb
and the di rectly over ly ing part (~ 9 m) of the CFm. An i mal trace
fos sils were in ter preted as rep re sent ing the Skolithos, Tere -
dolites and Cruziana ichnofacies. The CFm con tains also ho ri -
zons with brack ish bi valves and gas tro pods (Drescher, 1863;
Milewicz, 1965, 1997). 

The first biostratigraphic dat ing of the Cre ta ceous of the NSS 
was given by Beyrich (1855), who in ter preted these de pos its as
Cenomanian–Senonian. Milewicz (1958) con firmed a Santonian
age of the up per part of the suc ces sion, com pris ing the CFm and 
WFm. Krutzsch (1966) spec i fied the age of this part of suc ces -
sion as early Santonian. Milewicz (1956, 1979) sug gested a late
Coniacian (late Emscherian) hi a tus in the south east ern part of
the NSS, where – in the sub se quent ter mi nol ogy of Milewicz
(1985) – the ZMb is over lain di rectly by the CFm.

A some what dif fer ent view of the suc ces sion’s chrono -
stratigraphy was given by Walaszczyk (2008), with the bound -
ary be tween the RWFm and the over ly ing for ma tions asigned to 
the mid dle/late Coniacian tran si tion and with the Conia -
cian/Santo nian bound ary placed in the mid dle of the CFm and
co eval WFm (Fig. 3). The hi a tus was shown as cor re spond ing
to the mid dle Coniacian. This mod i fied chronostratigraphy is fol -
lowed in the pres ent pa per, al though it should be noted that the
Walaszczyk (2008) strati graphic scheme is mis taken in show -
ing a non-ex is tent ex ten sion of marlstones over the en tire ZMb
(cf. Leszczyñski, 2010).

PREVIOUS VIEWS ON PALAEOENVIRONMENT
AND PALAEOGEOGRAPHY

The Cre ta ceous de pos its of the NSS have been known
since the 19th cen tury to be of shal low ma rine to paralic or i gin,
based on lithofacies and body fos sils. A ma rine or i gin was sup -
ported by Milewicz (1985) for the de pos its he dis tin guished as
the RWFm and the WFm (Fig. 3). Milewicz (1991b) in ter preted
the sand stone units of the RWFm, in clud ing the ZMb, as de pos -
ited in a shoreface to fore shore en vi ron ment, whereas an off -
shore or i gin was sug gested for the units dom i nated by marl -
stones, lime stones and mudstones. Bassyouni (1984) in ferred
strong in flu ence of tides on the sed i men ta tion of sand stones.
Lac us trine and swamp de pos its were rec og nized in the NMb,
whereas brack ish and deltaic to al lu vial en vi ron ment was sug -
gested for the over ly ing part of the CFm (Milewicz, 1965,
1991b, 1997). Leszczyñski (2010) elab o rated fur ther on the
depositional en vi ron ment of the NMb on the ba sis of lithofacies
and ichnological data from the out crop sec tion in Rakowice
Ma³e. 
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Fig. 3. Stra tig ra phy of the Cre ta ceous de pos its in an ax ial cross-sec tion of the North Sudetic Ba sin;
lithostratigraphy af ter Milewicz (1997); chronostratigraphy af ter Walaszczyk (2008); 

nu mer i cal age from Co hen et al. (2013)



Palaeontological data col lected over nearly two cen tu ries
have in di cated that the Cre ta ceous sed i men ta tion of the North
Sudetic Ba sin com menced with the world wide Cenomanian
trans gres sion and pro ceeded un til at least the mid dle Santo -
nian (see Milewicz, 1997; Walaszczyk, 2008). Partsch (1896)
sug gested a con nec tion of the North Sudetic Ba sin with the Bo -
he mian Ba sin dur ing the Late Cre ta ceous. Scupin (1910) ar -
gued that the North Sudetic Cre ta ceous was de pos ited in a
south-east–north-west trending ba sin, the North Sudetic Ba sin,
bor dered by el e vated is land ar eas to the north-east and south -
west (Fig. 2). He called these el e vated ar eas the Ostsudetische 

Landmasse (East Sudetic Land mass) and Riesengebirgsinsel
(West Sudetic Is land), re spec tively. Scupin also ad vo cated a
con nec tion of the North Sudetic Ba sin with the Cen tral Sudetic
(Intrasudetic) Ba sin since the late Cenomanian. Later on,
Scupin (1912–1913) rec og nized a tran si tion of sandy de pos its
into marlstones to wards the north-west, which in di cated the di -
rec tion of ba sin deep en ing. The no tion of two Cre ta ceous land -
masses in the Sudetes was sup ported by Andert (1934), al -
though the land area to the south-west of the North Sudetic Ba -
sin was sug gested to have com prised two is lands, re ferred to
as the Lausitz Insel and Riesengebirges Insel. The lat ter was
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Fig. 4. Ex am ple bore hole logs of the ¯erkowice Mem ber and the over ly ing lower part of Czerna For ma tion 

Log N-14 is based on Bossowski et al. (1976), Bossowski (1991a); log Z-4 is based on Kochanowska (1988) and the
pres ent au thor’s own log ging of the bore hole core; log N-25 is based on Dyja (1978) and Bossowski et al. (1978); 

log N-27 is based on Bossowski et al. (1977); see bore hole code above the log and lo ca tion in Figure 1B



en vis aged as a small is land to the south-east of the ba sin, cor -
re spond ing to a small part of Scupin’s (1910) Ostsudetische
Landmasse. Andert (1934) pos tu lated fur ther a pe ri od i cal com -
plete drown ing of the is lands. 

Apart from its de tails, the palaeogeographic frame work
pos tu lated by Scupin (1910) re mains valid. The strati graphic
ar chi tec ture of the de pos its has been stud ied since the early
20th cen tury to rec og nize re gional palaeogeographic chan -
ges, which brought mod i fi ca tions to the ba sin stra tig ra phy and
new data on the de vel op ment of sed i men tary en vi ron ment.
Par tic u larly sig nif i cant was the rec og ni tion of the late Conia -
cian hi a tus in the south east ern part of the ba sin (Milewicz,
1956), as well as new data on stra tig ra phy and lithofacies dis -
tri bu tion in the north west ern part of the ba sin (Milewicz, 1965,
1966, 1973; Milewicz et al., 1968). Milewicz (1997) en vis aged
a northwestward re treat of the sea from a large part of the ba -
sin at the fi nal stages of the ZMb sed i men ta tion, with the
emerged area eroded in the late Coniacian (or late mid -
-Coniacian ac cord ing to Walaszczyk, 2008). The new, sub se -
quent ep i sode of de po si tion there (WFm and CFm; Fig. 3) was 
rec og nized to have com menced in a lac us trine to paludal en vi -
ron ment fol lowed by deltaic sed i men ta tion. In con trast, ma rine 
sed i men ta tion pro ceeded through out the Coniacian un til the
mid dle Santonian in the north west ern part of the ba sin, with out 
a cor re spond ing late mid-Coniacian hi a tus (Milewicz, 1958,
1965, 1970, 1997, 2006; Walaszczyk, 2008). 

Taken to gether, the pre vi ous stud ies in di cate that the strati -
graphic ar chi tec ture of the North Sudetic Cre ta ceous re flects an 
in ter play be tween the sed i ment sup ply and ac com mo da tion
space con trolled by both eustatic and tec tonic forc ing.
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Fig. 5. Dis tri bu tion of main lithologies co eval with ¯erkowice
Mem ber in the North Sudetic Synclinorium and palaeocurrent

di rec tions mea sured in sand stones

Fig. 6. Out crops of the up per part of ¯erkowice Mem ber and the lower part of the over ly ing Czerna For ma tion

A – lo cal ity 5 (Wartowice), pho tog ra phy 22 Au gust 2011; B – lo cal ity 8 (¯erkowice), pho tog ra phy 5 July 2007; C – lo cal ity 12
(Osiecznica), pho tog ra phy 9 Au gust 2012. CF – Czerna For ma tion, NM – Nowogrodziec Mem ber, RWF – Rakowice Wielkie For ma -

tion, ZM – ¯erkowice Mem ber.The red ar rows point to coal beds; out crop lo cal i ties as in Ta ble 1 and their lo ca tion in Figure 1B



Ac cord ing to Milewicz (1997), the Coniacian–Santonian of
the NSS con sti tutes the top part of a re gres sive phase of a
transgressive–re gres sive cy cle (T–R cy cle) and basal part of a
transgressive phase of the next T–R cy cle. Leszczyński (2010)
has in ter preted the ZMb as a re gres sive sys tems tract formed
at the cul mi na tion of the re gres sive phase and sep a rated by a
hi a tus from the over ly ing de pos its (low est CFm with NMb; Fig.
3) of a third-or der transgressive sys tems tract. Ear lier, Wala -
szczyk (2008) sug gested that the CFm and co eval WFm rep re -
sent the fi nal, com plex re gres sive phase of mi nor trans -
gressive–re gres sive cy cles.

MATERIAL AND METHODS

The pres ent study ex am ined out crop sec tions in 12 ac tive
and aban doned quar ries and a rock tor (Fig. 1 and Ta ble 1), in
ad di tion to pre-ex ist ing 31 bore hole pro files. The out crops are
lo cated in the south east ern NSS and mainly in the south east -
ern part of the area oc cu pied by the ZMb. Out crops 5, 9 and 12
(Fig. 1) show both the up per part of the ZMb and the lower part
of the CFm (Fig. 6), with the thick est por tion of the ZMb (~90 m)
ex posed in the last-men tioned ex po sure and with the ex posed
thick ness of the CFm reach ing 12–19 m. The other out crops
show only the up per part of the ZMb, up to ~15 m thick, with up
to a few metres of the CFm ex posed in out crops 1B and 4 (Fig.
1). Data on the whole ZMb suc ces sion were col lected from
bore hole documentations. Ex cept for the bore holes Z-4 and
Węgliniec IG 1, from which poor-qual ity cores – crushed and in
part as jum bled rock frag ments – were avail able, the in for ma -
tion was lim ited to the rock type, grain size, col our, con sol i da -
tion de gree and the well foot age. De tailed data on sed i ment
fea tures and trace fos sils were col lected in out crop sec tions. 

The out crop sec tions were ana lysed and logged bed-by -
-bed as far as pos si ble. Bed ding at ti tude and palaeocurrent di -
rec tions (mainly from cross-strat i fi ca tion) were mea sured. Sed i -
ment fea tures were ana lysed mac ro scop i cally both in the out -
crop wall and loose rock blocks, par tic u larly those ex tracted by
min ing works. Char ac ter is tic fea tures were pho to graphed.
Some hardly ac ces si ble parts of out crops were ana lysed re -
motely with the help of bin oc u lars. The de scrip tive sedimento -
logical ter mi nol ogy is ac cord ing to Harms et al. (1975, 1982)
and Collinson et al. (2006). 

Sed i ment bi otic fea tures re sult ing from the ac tiv ity of or gan -
isms are herein re ferred to broadly as bioturbation struc tures, ir -
re spec tive of their form and size. Bioturbation struc tures show -
ing mor pho log i cally the re cur rent ac tiv ity of or gan isms mod i fy -
ing the sub strate are called trace fos sils (Bertling et al., 2006) or 
ichnofossils. The de scrip tion of trace fos sils in cluded their mac -
ro scopic form, abun dance, as well as the type of en cas ing sed i -
ment and their stratinomic po si tion. The in ter pre ta tion of trace
fos sils in cluded their tax o nomic af fil i a tion and etho log i cal char -
ac ter. A large part of the trace-fos sil data, par tic u larly from bed -
ding sur faces, was col lected in loose rock blocks de tached from 
the out crop walls by min ing ac tiv ity. The ex act orig i nal lo ca tion
of such blocks in the out crop sec tion was usu ally un clear, as
was also the na ture of the bed ding sur face (whether bed base
or top) in some cases. Trace fos sils were ex ten sively pho to -
graphed in the field, but spec i mens were not col lected, ex cept
for a few of the most rep re sen ta tive ones. 

The tax o nomic iden tity of trace fos sils was de ter mined for
the better-pre served and more ev i dent ones. Poorly pre served
trace fos sils were clas si fied solely at the ichnogenus level or in
open no men cla ture (see Bengtson, 1988; Bertling et al., 2006).
Each ichnotaxon is herein de scribed with re spect to its ba sic

char ac ter is tics, strati graphic lo ca tion and lit er a ture ref er ences.
All ichnotaxa, ex cept for the few less dis tinc tive ones, and al -
ready doc u mented from the CFm by Leszczyński (2010), are il -
lus trated with pho to graphs or dered al pha bet i cally ac cord ing to
ichnogenera and sup ple mented with de scrip tion of ba sic fea -
tures and lithostratigraphic prov e nance. 

The de gree of sed i ment bioturbation was de ter mined ac -
cord ing to the bioturbation in dex (BI) scale of Tay lor and Gold -
ring (1993): BI = 0, lack of bioturbation; BI = 1, sparse bio -
turbation; BI = 2, low bioturbation; BI = 3, mod er ate bio -
turbation; BI = 4, high bioturbation (abiotic sed i ment struc ture
in dis tinct due to bi otic re work ing); BI = 5, in tense bioturbation
(abiotic sed i ment struc ture com pletely dis turbed); and BI = 6,
com plete bioturbation. The de gree of bioturbation due solely to
Ophiomorpha was de scribed by the Ophiomorpha ichnofabric
in dex (Oii) pro posed by An der son and Droser (1998). Pho to -
graphs from ac tive quar ries in clude the date when the pic ture
was taken spec i fied in their cap tions. 

RESULTS

LITHOSTRATIGRAPHIC SEDIMENTARY 
CHARACTERISTICS

The ZMb in all out crops is dom i nated by fine- to me -
dium-grained quartz arenites, weakly ce mented to nearly soft.
The hard est sand stone va ri ety, still only mod er ately ce mented,
oc curs in the south east ern part of the NSS, where it is quar ried
as a high qual ity build ing stone. To wards the north-west, the
sand stone unit is prac ti cally soft and mined as a high-qual ity sil -
ica sand near the vil lage of Osiecznica. Thin mudstone and
claystone in ter ca la tions oc cur lo cally, par tic u larly in the top part
of the sand stone suc ces sion (Fig. 7). Most ex posed sec tions
show sand stone beds one to sev eral metres thick, mas sive -
-look ing to faintly cross-strat i fied or plane-par al lel strat i fied
(Figs. 8 and 9A, B). Wedge-shaped sets of pla nar cross-strata
oc cur lo cally, par tic u larly in the up per most part of the suc ces -
sion. Beds are bounded by more or less dis tinct sur faces, ero -
sional to depositional, mark ing sharp lithofacies change, par tic -
u larly in oc cur rence of thin clayey or muddy sand in ter ca la tions.
The less dis tinct sur faces are highly ir reg u lar in shape, vari ably
ori ented rel a tive to their dis tinct coun ter parts, and ex tend lat er -
ally for sev eral metres as the out line of some lithofacies bod ies
(Fig. 9A, B). Wash outs and gut ter casts of var i ous size oc cur lo -
cally. Al though most sand stones look mas sive, their close in -
spec tion sug gests that at least some of such beds may in re al ity 
be partly or fully strat i fied, as the sand is well-sorted and its lam -
i na tion gen er ally faint to in dis tinct. 

The sand stones lo cally show bioturbation struc tures. The
high est con cen tra tion of bur rows oc curs in the up per part of
beds, down to ~1.5 m be low their top bound ing sur faces. This is 
par tic u larly char ac ter is tic of beds over lain by mudstone or
bounded by a sharp ex ten sive sur face. The top most bed part,
10 to 15 cm thick, is in some cases to tally bur rowed (BI = 5 or 6;
Figs. 7 and 10), with the bioturbation in ten sity de creas ing down -
wards. Wood frag ments of dif fer ent size, ag gre gated im prints of 
large fishbones(?), shell pave ments, ho ri zons rich in shell de -
bris re corded as im prints and casts, as well as mudstone clasts, 
oc cur lo cally (Fig. 11), mainly at lo cal i ties 5, 6 and 8 (Fig. 1).
Some large wood frag ments are re corded as clus ters of
Teredolites, the casts of wood bor ings (Fig. 12). At lo cal i ties 4
and 5, some crowded ac cu mu la tions of the sea snail Nerinea
were found, re corded as casts and im prints. 
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Fig. 7. Com piled sedimentological logs of the most com plete out crop sec tions of the up per most part 
of the ¯erkowice Mem ber and low est part of the Czerna For ma tion

A – lo cal ity 5 (Wartowice), cen tral part of quarry in Au gust 2012; B – lo cal ity 9 (Rakowice Ma³e); C – lo cal ity 12 (Osiecznica)
 ~1.3 km to NW from the start ing point of the lat ter quarry; out crop lo cal i ties as in Ta ble 1 and their map lo ca tion in Figure 1B



Cross-strat i fi ca tion sets are mainly 20–30 cm thick, but
reach ing a few metres and with strata poorly vis i ble in well -
-sorted, clean quartzose sand. In out crops 1C and 1D and in
the north ern part of quarry at lo cal ity 5 (Ta ble 1), the ZMb top
part, 3–4 m thick, is dom i nated by wedge-shaped pla nar and
trough cross-strat i fi ca tion. At the lat ter lo cal ity, this cross-strat i -
fied unit is un der lain by a mudstone-dom i nated heterolithic
pack age, up to 60 cm thick, which in turn is un der lain by a sand -
stone with a com pletely bioturbated top and rich Ophiomorpha
be low (Fig. 10A, C). Foreset strata dip in var i ous di rec tions, of -
ten par al lel to the NSS axis (Fig. 5) and lo cally as bidirectional
�her ring bone� cross-strat i fi ca tion (Fig. 9A). The thick est cross -
-strata sets, up to sev eral metres, oc cur in south east ern ter mi -
na tion of the NSS. Set bound aries are lo cally cov ered with sym -
met ri cal or asym met ri cal rip ples (Fig. 9C–E) and show var i ous
bur rows. Rip ple marks are most com mon in the deep est parts
of scoop -shaped sur faces bound ing trough cross-strata sets.
Pla nar par al lel strat i fi ca tion is sub or di nate, in some cases in -
clined (Fig. 8A), and pres ent mainly in the top part of the sand -
stone suc ces sion as sets up to sev eral decimetres thick. Some
of the strat i fied sand stone beds show soft-sed i ment de for ma -
tion (Fig. 9D). The strat i fied sand stones are gen er ally poor in
bio tur bation struc tures, al though there are cases of strong bio -
tur bation, with only rem nants of strat i fi ca tion pre served. 

Mudstones and claystones are mi nor com po nents of the
ZMb suc ces sion, pres ent as thin lay ers be tween some of the
thick sand stone beds or as thin heterolithic pack ages of inter -
layed mudstone, claystone and sand stone. These ar gil la ceous
de pos its are well-com pacted but soft, have a grey ish white, light 
brown or pink ish-red col our and show par al lel lam i na tion or sub -
tle mot tling. These lat ter fea tures are marked by the dis tri bu tion
of silt or fine sand and by col our dif fer ences. 

The top part of the ZMb con sists ei ther of a weath ered sand -
stone cov ered by Qua ter nary de pos its or of a sand stone heavily 
stained with Fe-ox ide/hy drox ide and cov ered by the basal pack -
age of CFm de pos its dom i nated by claystone and mudstone
(Figs. 4 and 7). The bound ary is char ac ter ized by or ange,
brown and crim son colours and the oc cur rence of a ferricrust.
Ferruginization is most in tense at lo cal ity 5 and nearly ab sent at
lo cal ity 12 (Fig. 1). 

At lo cal i ties 1B, 5 and 12 (Fig. 1), the top part of the ZMb is a 
fine-grained sand stone unit, up to 5 m thick, with lo cal ad mix -
tures of coarse sand grains and gran ules. Its base at lo cal i ties 5
and 12 is ero sional, un der lain by a mudstone-dom i nated
hetero lithic pack age up to 60 cm thick, and the sand stone at lo -
cal ity 5 splits south wards into three beds sep a rated by thin
mudstone lay ers. The sand stone unit at all three lo cal i ties
shows wedges of pla nar cross-strat i fi ca tion, with strata sets up
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Fig. 8. Sand stone lithofacies of the Żerkowice Mem ber

A – pla nar par al lel strat i fied sand stone, lo cal ity 9 (Rakowice Małe), pho tog ra phy May 2007; B – mas sive and par al lel strat i fied sand -
stone, lo cal ity 1A (Czaple); pho tog ra phy Sep tem ber 2010, the walk ing stick (scale) is 1 m long; C – unidirectionally pla nar cross-strat i fied 
sand stone, lo cal ity 6 (Skała I), pho tog ra phy Au gust 2013, the ham mer (scale) is 35 cm long; D – large-scale cross-strat i fied and mas sive
sand stones, lo cal ity 1D (Czaple), pho tog ra phy July 2015, the walk ing stick (scale) is 1 m long; out crop lo cal i ties as in Ta ble 1 and their
map lo ca tion in Figure 1B



to 2 m thick, and lenses of trough cross-strat i fi ca tion, mainly at
the top. Else where, the top is to tally bioturbated and ferru -
ginized (Figs. 7 and 13). More over, a patch of ferruginized fos sil 
turf was found at the top of the ZMb sand stone in the north ern
part of the quarry at lo cal ity 5 (Fig. 14C, D). 

The con tact of the ZMb and CFm is ex posed at lo cal i ties
1B, 4, 5, 9 and 12 (Fig. 1), with only ves tiges of the CFm ex -
posed at the first and third lo cal ity, but with up to 12 m thick ness

ex posed at the re main ing three lo cal i ties. The CFm suc ces sion
in each out crop is dif fer ent in re spect to lithological com po si tion, 
lithofacies dis tri bu tion and sed i ment fea tures (Fig. 7). In all out -
crops, the suc ces sion com mences with a claystone- to mud -
stone-dom i nated in ter val, 1.3 m to sev eral metres thick, rep re -
sent ing the NMb (Fig. 3). Its sub or di nate com po nents are
siltstone, thin-bed ded sand stone, one to three thin lo cal coal
beds (Figs. 7, 15A, 16D) and a few thin sid er ite lay ers (Figs. 4, 7 
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Fig. 9. Sand stone lithofacies of the Żerkowice Mem ber

A – sand stone with a roughly uni di rec tional trough cross-strat i fi ca tion, lo cal ity 6 (Skała I), pho tog ra phy 23 Au gust 2011; B – sand stones
with pla nar par al lel strat i fi ca tion and cross-strat i fi ca tion, in clud ing bidirectional (her ring bone) cross-strata sets, lo cal ity 4 (Żeliszów),
pho tog ra phy Oc to ber 2010; C – sand stone with vor tex wave-rip ple cross-lam i na tion drap ing the scoop-shaped base of trough
cross-strata set (seen from be low), lo cal ity 6 (Skała I), pho tog ra phy 23 Au gust 2011; D – roll ing-grain wave-rip ple lam i na tion cov er ing
the top of sand stone bed, with a po lyg o nal pat tern of veins re sem bling des ic ca tion crack-fills, same lo cal ity and date; E – com bined-flow
rip ple cross-lam i na tion at sand stone bed top, same lo cal ity and date; F – sand stone with pla nar par al lel and cross-strat i fi ca tion, slightly
soft-de formed, same lo cal ity and date; out crop lo cal i ties as in Ta ble 1 and their map lo ca tion in Figure 1B



and 16F). The CFm at lo cal ity 5 com mences with a grey ish
white to brown ish red mudstone, up to 30 cm thick, that passes
up wards into a dark grey to dark green mudstone with a thin
patch of coal or into a wedge of very fine-grained sand stone, up
to 50 cm thick, which in the north ern part of the quarry rests di -
rectly on the ZMb sand stone (Fig. 7). The mudstone as well as

the sand stone show plant-root struc tures (rhizoliths and rhizo -
cretions; Fig. 14B, E, F). At lo cal i ties 4, 9 and 12 (Fig. 1), the
CFm com mences with a clayey mudstone con tain ing lo cally a
few thin sand stone interlayers. The mudstone is or ange, 30 cm
thick and over lain by dark grey to black clayey mudstone at lo -
cal ity 4; grey ish white to red dish or ange, 30–55 cm thick and
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Fig. 10. Vari able bioturbation in ten sity in ver ti cal sec tions of sand stone beds in the Żerkowice Mem ber

A – bioturbation with dis tinct Ophiomorpha in the lower part, and ferruginization in the top part of sand stone bed ter mi nat ing the
Żerkowice Mem ber at lo cal ity 5 (Wartowice), pho tog ra phy Au gust 2012; B – sus pected plant-root struc tures (ar rows) at the top of sand -
stone bed in the up per part of the Żerkowice Mem ber, lo cal ity 5 (Wartowice), pho tog ra phy Au gust 2011; C – up wards in creas ing
bioturbation in sand stone bed with Ophiomorpha lack ing bur row-floor lin ing (ar rows), lo cal ity 5 (Wartowice), pho tog ra phy Au gust 2012;
D – dis tri bu tion of Ophiomorpha bur rows (dashed out lines) in a sand stone bed with ero sional top, lo cal ity (Kotliska), pho tog ra phy May
2013; E – ichnofabric and bioturbation (in creas ing from BI = 0 to 6) in a mudstone-cov ered sand stone bed, with Ophiomorpha (cir cled)
in the deep est part and with the mudstone cover in di cat ing tem po ral stag na tion of a sandy seafloor, lo cal ity 12 (Osiecznica), pho tog ra -
phy April 2013; lo cal i ties as in Ta ble 1 and their map lo ca tion in Figure1B 



over lain by dark grey silty mudstone and sandy siltstone at lo -
cal ity 9; grey ish white to or ange, 20–25 cm thick and over lain by 
to dark grey to blackish clayey mudstone at lo cal ity 12. Coal lay -
ers are un der lain by clayey to muddy seat earth (palaeosol of
vertisol and histosol type; see Retallack, 1988) with lo cally
plant-root struc tures (Fig. 15A, C). 

The higher part of the CFm suc ces sion is an al ter na tion of
mainly fine- to me dium-grained sand stones and mudstones, with 
lat er ally vary ing pro por tions and lithofacies. Di rect ob ser va tions
were made mainly in the lower por tion of these de pos its, par tic u -
larly at lo cal ity 5, be cause the higher por tion was hardly ac ces si -
ble, poorly ex posed and weath ered. Sand stone-dom i nated in ter -
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Fig. 11. Casts and im prints of body fos sils in sand stones of the Żerkowice Mem ber

A – shell lag re corded by casts of bi valve shells, lo cal ity 5 (Wartowice), pho tog ra phy Oc to ber 2010; B – sand stone with a ho ri zon rich in
voids af ter shelly fauna, lo cal ity 3 (Gaszów), pho tog ra phy April 2009; C – shell lag dom i nated by im prints of the gas tro pod Nerinea
bicincta on the top of sand stone bed, lo cal ity 4 (Żeliszów), pho tog ra phy Oc to ber 2010; D – im prints of clus tered mol lusc shells, lo cal ity
3 (Gaszów), pho tog ra phy April 2009; E – casts of ?ver te brate bones, lo cal ity 8 (Żerkowice), pho tog ra phy July 2007; F – casts of ver te -
brate bones, lo cal ity 5 (Wartowice), pho tog ra phy Oc to ber 2010; lo cal i ties as in Ta ble 1 and their map lo ca tion in Figure 1B



vals, of ten coars en ing up wards, al ter nate with fin ing- to coars en -
ing-up wards, mudstone-dom i nated heterolithic in ter vals (Fig. 7).
The lat ter show pla nar par al lel strat i fi ca tion in sand stone lay ers
as well as heterolithic flaser, wavy and len tic u lar bed ding where
non-bioturbated or weakly bioturbated. Where strongly bio tur -

bated (BI = 5 to 6), they show a mot tled struc ture with rel ics of
faint, dis con tin u ous, wispy lam i na tion and a rip ple cross-lam i na -
tion or par al lel lam i na tion in sand stone lay ers, with a range of
trace fos sils. Bidirectional rip ples were rec og nized at lo cal ity 9,
where the ex posed part of the CFm is dom i nated by dark grey to
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Fig. 12. Teredolites in the de pos its stud ied

A – clus ter of Teredolites longissimus? (Tl) casts in a drifted tree trunk in sand stone of the Żerkowice Mem ber, lo cal ity 8 (Żerkowice),
pho tog ra phy July 2008; B – casts of Teredolites clavatus (Tc) and T. longissimus (Tl) in a wood frag ment in sand stone of the Żerkowice 
Mem ber, lo cal ity 5 (Wartowice), pho tog ra phy May 2013; C – casts of Teredolites clavatus in sand stone in the top part of the Żerkowice
Mem ber, lo cal ity 12 (Osiecznica), pho tog ra phy Au gust 2012; D – casts of Teredolites clavatus en closed in sand stone in the top part of
the Żerkowice Mem ber (Osiecznica) pho tog ra phy Au gust 2012; E – casts of Teredolites clavatus in sand stone in the top part of the
Żerkowice Mem ber, lo cal ity 12 (Osiecznica), pho tog ra phy Au gust 2012; F – casts of Teredolites clavatus (Tc) and Teichichnus isp.
(Te) in the top part of a thin coal bed in the Czerna For ma tion, lo cal ity 9 (Rakowice Małe), pho tog ra phy May 2008; lo cal i ties as in Ta ble
1 and their map lo ca tion in Figure 1B
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T a  b l e  2

List and tax o nomic char ac ter is tics of trace fos sils rec og nized in the up per part of the Żerkowice Mem ber (ZMb) 
and the low est part of the Czerna For ma tion (CFm); plant-root traces not in cluded

Ichnogenus/ichnospe
cies (with pho to -

graph ref er ences)
Short de scrip tion Ethol ogy In ferred 

pro ducer Oc cur rence Key ref er ences

Arenicolites sparsus

Fig. 37A

Ver ti cal, U-shaped tu bu lar bur rows
with out spreite be tween limbs. Tube di -
am e ter 4 mm, thinly lined. Limb spac ing
up to 20 mm

Domichnion Poly chaetes

Found as one fully pre ser -
ved spec i men and sev eral
frag ments in sand stones of
a heterolithic pack age in
the CFm at lo cal ity 9

Fürsich (1974),
Rindsberg and

Kopaska-Mer kel
(2005), 

Knaust (2017)

?Arenicolites isp. 

Fig. 15F in
Leszczyński (2010) 

Ver ti cal, U-shaped tu bu lar bur rows with -
out spreite be tween limbs. Tube di am e -
ter 5 mm. Limb spac ing up to 30 mm

Domichnion
Poly -

chaetes,
crus ta ceans

Found as 3 fragmentarily
pre ser ved spec i mens in
one sand stone bed in the
CFm at lo cal ity 9

Fürsich (1974),
Rindsberg and

Kopaska-Mer kel
(2005), 

Knaust (2017)

Asterosoma
ludwigae

Fig. 33

Leszczyński 
(2010: fig. 14D–F)

Hor i zon tal to in clined bur rows con sist -
ing of bulbs that bud out from a cir cu lar
or el lip ti cal tu bu lar stem in a di chot o -
mous to fan-like pat tern. Stems hor i -
zon tal, some bend ing up to ver ti cal,
10–15 mm in di am e ter, with a mas sive
or faintly con cen tri cally lam i nated infill.
Bulbs 5–30 mm in di am e ter, 50–80 mm
long, hor i zon tal to oblique 

Fodinichnion Poly chaetes
Found as many spec i mens
in muddy sand stone of the
CFm at lo cal ity 9

Schlirf (2000), 
Knaust (2017)

Asterosoma coxii

Fig. 27E, F

Bunch of club-shaped and bud -sha ped
sandbodies, smooth walled, bud ding
out from a bed ding-oblique stem. In ter -
nal struc ture not rec og nized

Fodinichnion Poly chaetes

Found as two spec i mens
7–10 mm thick and up to 20 
mm long on soles of sand -
stone beds in the ZMb at
lo cal i ties 6 and 8

Seilacher (2007),
Knaust (2017)

?Asterosoma isp.

Fig. 34A, B

Struc tures vis i ble in ver ti cal bed sec tions 
as stacks of hor i zon tal to in clined,
slightly con cave to con vex la minae, up
to 4 cm long and 1–2 cm high; some con -
cen tri cally lam i nated, up to 1.5 cm in di -
am e ter, with a mas sive core. Can be
con fused with Teichi chnus isp. or
Cylindrichnus isp.

Fodinichnion Poly chaetes

Found as mass oc cur ren -
ces in some parts of hetero -
lithic de pos its of the CFm at 
lo cal ity 9 

Aulichnites
parkerensis

Fig. 27A, B

Bilobate, un lined, un branched, ac tively
filled con vex, unornamented epirelief,
5–6 mm wide, sin u ous to straight. Nar -
row me dian fur row

Repichnion Gas tro pods

Found as many spec i mens
on top sur face of sand -
stone bed in the ZMb at lo -
cal ity 9

Fenton and
Fenton (1937),

Frey and Howard
(1990)

Biformites insolitus

Fig. 27C

Nar row, ver mi form, slightly ta per ing, hor i -
zon tal, straight to curved struc tures 16
mm long with del i cate, ide ally bi-sym met -
ri cally ar ranged, tran s verse elon gate or
po lyg o nal to round, pos i tive or neg a tive
pro tu ber ances. Sets of trans verse ribs
and fur rows in the bur row wider part,
faintly dis sected along its axis

Cubichnion Ophiuroids
Found as one spec i men on 
sand stone bed sole in ZMb
at lo cal ity 9

Häntzschel
(1975), 

Schlirf (2012)

Chondrites intricatus

Fig. 37B

Leszczyński 
(2010: fig 14E, F)

Clus ters of den dritic, straight to wi dely
curved endoreliefs made of silt, very
fine sand or mud, show ing acu te ir reg u -
lar branch ing. Bur rows ~1 mm wide,
10–20 mm long, show ing two or ders of
di chot o mous bran ch ing. In ver ti cal sec -
tions seen as clus ters of light grey el lip -
ti cal spots and veins

Chemichnion
agrichnion

?Worm-like
an i mals

Sev eral oc cur rences in
coaly mudstone in the CFm 
at lo cal ity 9 

Fu (1991),
Uchman (1998),
Seilacher (2007)

?Curvolithus isp.

Fig. 27C, E

Hor i zon tal, bilobate, del i cately wind ing
trace fos sil, 7 mm wide and up to 4 cm
long, con sist ing of two lat eral lobes sep -
a rated by sim i larly wide fur row

Repichnion Gas tro pods
Sev eral spec i mens found
on sand stone bed sole in
the ZMb at lo cal ity 9

Fritsch (1908),
Fillion and

Pickerill (1990)

Cylindrichnus
concentricus

Fig. 36A–C

Gently curved, un branched, slightly con i -
cal, down wards ta per ing bur rows, nearly
cir cu lar in cross-sec tion, 5–15 mm in di -
am e ter, with con cen tri cally lined infill and
faint in ter nal lay er ing. Bur rows ver ti cally
ar cu ate to oblique

Domichnion

Terebellid
poly chaetes, 

entero -
pneusts

Found as many spec i mens
in heterolithic de pos its of
the CFm at lo cal ity 9

Belaústegui and
Gibert (2013),

Frey and Howard
(1985); Ekdale
and Har ding

(2015)

?Diplocraterion isp.

Fig. 25A

Ver ti cal U-shaped spreited bur row with
limb di am e ter 7–10 mm and limb spac ing
15–70 mm; oc curs as dumb bell-shaped
struc tures made of sand sim i lar to host
sed i ment. U-shaped limbs con nected by
spreite re sem ble Diplocraterion

Domichnion Poly chaetes

Found as sev eral spec i -
mens on sand stone bed
sole in a block from the ZMb 
at lo cal ity 9

Fürsich (1974);
Šimo and

Olšavský (2007);
Knaust (2017)

Helminthopsis abeli

Figs. 27E 
and 37C, D

Hor i zon tal, ir reg u larly wind ing, un bra n -
ched, string-sized, smooth -walled, mud -
-lined trace fos sil 1.8–2.5 mm wide

Fodinichnion ?Poly -
chaetes

Found as sev eral spec i -
mens on sand stone bed so -
les in the ZMb lo cal ity 8 and
in nu mer ous cross-sec tions
in heterolithic de pos its of
CFm at lo cal ity 9

Książkiewicz
(1977), 

Uchman (1998)

?Lockeia isp.

Fig. 27B–D

Hypichnial, al mond-out lined pro tru sion
0.2–10 mm long, 2–4 mm wide and 2–6
mm high

Cubichnion Bi valves
Found as sev eral spec i -
mens on sand stone bed so -
le in ZMb at lo cal ity 5

Ma ples and West
(1989), 

Schlirf (2000)
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aff. Macaronichnus
isp.

Figs. 28A and 36E

Cy lin dri cal, straight to wind ing, un bran -
ched, hor i zon tal bur rows, 3–6 mm in di -
am e ter, with out dis tinct man tle of dark
min eral grains. In cross -sec tion seen as
cir cu lar or elon gate spots par al lel or
slightly oblique to bed ding plane. In ver ti -
cal sec tion seen as strings of densely dis -
trib uted, round, el lip ti cal to elon gate
spots en riched in dark sub stance

Fodinichnion Endobenthic 
poly chaetes

Spo radic oc cur rences in
the ZMb at lo cal ity 12 and
in the CFm at lo cal ity 9

Clifton and
Thomp son (1978), 

Nara and Seike
(2004), 

Seike (2007), 
Seike et al. (2011)

?Nereites irregularis

Fig. 27F

Endichnial and epichnial, ir reg u larly
me an der ing, hor i zon tal to subhorizontal 
nar row-gauged tubes, void or infilled,
with signs of trans verse seg men ta tion.
Epichnial trace forms fur rows 1–3 mm
wide, in cised about 1–1.5 mm in sub -
strate, ar cu ate and filled with flat tened
cyl in ders. Del i cate trans verse striation
is vis i ble on the bot tom of some fur rows

Fodinichnion
Ar thro pods

or annelids

One spec i men found in
sand stone of the ZMb at lo -
cal ity 5

Książkiewicz
(1977), 

Uchman (1998),
Wetzel (2002),

Mar tin and
Rindsberg (2007)

Ophioichnus isp. 

Fig. 29A

Bun dles of bowed fur rows with slightly
wid ened outer end ings, ar ranged in rows 
and partly over lapped. Fur rows ar -
ranged fan-like, with some criss cross ing

Repichnion Ophiuroids
Found at sand stone bed
top in a loose block from
the ZMb at lo cal ity 5

cf. Belaústegui et
al. (2017: fig. 5),

Bell (2004)

Ophiomorpha
annulata

Fig. 31F 

Sim ple to com plex bur row sys tems con -
sist ing of straight to slightly curved,
branched, hor i zon tal to ver ti cal bur -
rows, 8 mm in di am e ter, lined with
evenly spaced rows of el lip ti cal pel lets
(mud-marked ribs) trans verse to bur row 
axis. End-to-end pel lets form more or
less con tin u ous rings or an nu la tions
around bur row seg ments

Domichnion, 
fodinichnion

Crus ta -
ceans

Found as two spec i mens
(tun nel moulds) in sand -
stone in the CFm at lo cal -
ity 9

Frey et al. (1978),
Howard and Frey

(1984), 
Frey and Howard

(1985, 1990), 
Uchman (1998)

Ophiomorpha
nodosa

Figs. 15E, 18–20
and 31A, C–E

Sim ple to com plex bur row sys tems con -
sist ing of straight to slightly cur ved, bran -
ched pos i tive epireliefs, hor i zon tal to
ver ti cal endoreliefs or pos i tive hypo re -
liefs, lined with reg u larly to ir reg u larly dis -
trib uted dis coid, ovoid, round, po lyg o nal,
con i cal or ir reg u lar pel lets. Bur rows main -
ly hor i zon tal, 5–40 mm in di am e ter, sho -
w ing a smooth-walled sand core lined
with densely to sparsely dis trib uted pel -
lets and cha otic muddy sed i ment. Lin ing
type var ies within sin gle bur rows

Domichnion, 
fodinichnion

Crus ta -
ceans

Most ex ten sive in sand sto -
nes of the ZMb and rare in
the CFm at lo cal i ties 5 and
9

Frey et al. (1978),
Howard and Frey

(1984), 
Frey and Howard

(1985, 1990), 
Uchman (1998),

Blisset and
Pickerill (2004),

Gani et al. (2007)

Ophiomorpha
?nodosa 

Fig. 21

Sys tems of hor i zon tal, wind ing to cur -
ved, densely branched cy lin dri cal bur -
rows, 10 mm in di am e ter, lined reg u larly 
with densely dis trib uted round-shaped
pel lets, lo cally paired

Domichnion, 
fodinichnion

Crus ta -
ceans

Found as two small sys -
tems at sand stone bed top
in the ZMb at lo cal ity 5

Frey et al. (1978),
Howard and Frey
(1984), Uchman

(1998), Blisset and
Pickerill (2004),

Gani et al. (2007)

Ophiomorpha isp. 

Fig. 22

Hor i zon tal to ver ti cal, branched tu bu lar
bur rows 30–40 mm in di am e ter, lined
with ir reg u larly dis trib uted con i cal mud
pel lets Bur row-fill with a rough, pit ted
knob bly sur face. Oc curs as moulds and
casts

Domichnion, 
fodinichnion

Crus ta -
ceans

Found as many spec i mens
in one sand stone bed in
the ZMb at lo cal ity 10

Frey et al. (1978),
Howard and Frey

(1984)

?Palaeophycus
heberti

Figs. 35C, D, 36C
and 33C

Gently curved, un branched, cy lin dri cal
to subcylindrical bur rows, 5–15 mm in
di am e ter, hor i zon tal and oblique, with a
lin ing 1.5–3 mm thick

Fodinichnion ?Annelids
Found as many spec i mens
in ver ti cal sec tion in the
CFm at lo cal ity 9 

Pem ber ton and
Frey (1982),

Howard and Frey
(1984), 

Nara (2006)

Palaeophycus
sulcatus

Fig. 30B

Hor i zon tal, un branched, subcylindrical
bur rows, 8–10 mm thick and up to 20
cm long, thinly lined and or na mented
with sharp, anastomosing, thread-like
striations

Fodinichnion Annelids
Found as sev eral spec i -
mens on sand stone bed
soles in the ZMb at lo cal ity 5

Pem ber ton and
Frey (1982)

Palaeophycus
?tubularis

Fig. 33E

Pre dom i nantly hor i zon tal, straight to
slightly curved tu bu lar bur rows, 3–7 mm 
in di am e ter, thinly but distincly lined

Fodinichnion
Endobenthic 
?worm-like

an i mals

Found as short seg ments
on sand stone part ing and
bed ding sur faces in the
CFm at lo cal ity 9

Pem ber ton and
Frey (1982)

?Palaeophycus isp. 

Figs. 33B, D, E 
and 35A, B

Bed ding-par al lel to oblique, endichnial
and epichnial tu bu lar bur rows,
3–15 mm in di am e ter, made of sand
with a thin (0.5–1 mm) mud lin ing

Fodinichnion
Endobenthic 
?worm-like

an i mals

Found as many spec i mens
in ver ti cal sec tion in muddy 
sand stones of the CFm at
lo cal ity 9 

Pem ber ton and
Frey (1982)

Planolites
beverleyensis

Figs. 27C and 30B

Rel a tively large, smooth, straight to gently
curved or undulose cy lin dri cal bur rows
with ir reg u lar di am e ter of up to 5–6 mm.
Un branched, made of mas sive sand, with
smooth to slightly ir reg u lar walls

Fodinichnion
Endobenthic 

worm-like
an i mals

Found as many spec i mens
on bed ding sur face in
many sand stone blocks of
the ZMb 

Pem ber ton and
Frey (1982),

Uchman (1995)

?Planolites isp.

Fig. 33D, E

Smooth-walled, straight to gently cur -
ved or undulose, un branched, hor i zon -
tal to oblique cy lin dri cal bur rows,
3–15 mm in di am e ter, made of sand
and un lined

Fodinichnion
Endobenthic 

worm-like
an i mals

Found in ver ti cal sec tion
ex clu sively in sand stones
and mudstones of the CFm 
at lo cal ity 9 

Pem ber ton and
Frey (1982)
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?Rosselia isp. A

Fig. 28C, D

Ver ti cal to subvertical spin dle-shaped
bur rows up to 25 cm long, cir cu lar to ir -
reg u larly oval in cross-sec tion, at least
partly lay ered con cen tri cally around cen -
tral to excentral tube. Spin dles up to 10
mm in di am e ter, crowded in the bur row
up per part and ta per ing down wards, co -
alesc ing into ver ti cal or subvertical,
curved basal shafts that ex tend be neath
as a nar row slightly curved shaft. Spin -
dles and their in ter nal lay er ing of ten
poorly vis i ble due to homogeneus infill
same as the host quartz arenite  

Fodinichnion

domichnion
Terebellid

poly chaetes

Found as crowded in the
top part of one sand stone
bed cov ered by com pletely
bioturbated mudstone in
the ZMb at lo cal ity 12

Howard and Frey
(1984), Frey and
Howard (1985),
Knaust (2017);
sim i lar bur rows

were clas si fied by
Bromley and

Uchman (2003) as 
Asterosoma isp. 

?Rosselia isp. B

Fig. 36F

Horn-shaped, un branched ver ti cal to
oblique endorelief, up to 15 mm in di am -
e ter and 35 mm high, filled with faint
laminae of mud and sand rem i nis cent of 
con cen tric sheaths

Fodinichnion

domichnion
Terebellid

poly chaetes

Found as sev eral spin dle -
-shaped spec i mens in the
CFm at lo cal ity 9

Howard and Frey
(1984), Frey and
Howard (1985),

Coates and
MacEachern

(2007), Miller and
Aalto (2008),

Knaust (2017)

?Schaubcylindrich-
nus isp.

Fig. 37D 

 Leszczyński 
(2010: fig. 13C, E)

Straight, bed ding-oblique, un branched
endorelief re corded as clus ters of con -
gru ent sand-lined tubes, 7 mm in di am -
e ter, with rel a tively thick (1.5 mm) light
col our lin ing. Re sem bles S. freyi in lin -
ing type, but has tubes much larger and
only bed ding-obliquely aligned

Domichnion

Endobenthic 
ses sile
?poly -

chaetes

Found as sev eral spec i -
mens in heterolithic de pos -
its of the CFm at lo cal ity 9

Frey and Howard
(1981, 1985),
Nara (2006)

aff. Scolicia strozzii

Fig. 25B

Straight to slightly wind ing, hypichnial
bilobate ridge pre served as semi-re lief,
10–20 mm wide and ~10 mm deep, with
a me dian groove. The ridge prom i nent
zones and the groove are more or less
ar cu ate in cross-sec tion and their sur -
face tends to be cor ru gated

Fodinichnion Echinoids,
molluscs

Found on sand stone bed
sole in as loose block from
the ZMb at lo cal ity 8

Książkiewicz
(1977), 

Uchman (1998)

?Sinusichnus isp.

Figs. 25A and 28B

Hor i zon tal sys tem of si nu soi dal, me an -
der ing and wind ing, branched ver mi -
form bur rows, 4–10 mm in di am e ter,
made of sand

Fodinichnion
Deca pod

or worm-like 
an i mals

Found in the ZMb sand sto -
ne as re lief seg ments up to
2 cm long on part ing sur face 
of sand stone block at lo cal -
ity 9 and as cast on sand -
stone bed sole at lo cal ity 8

Gibert (1996),
Belaústegui et al.

(2014)

?Rosselia isp. A

Fig. 28C, D

Ver ti cal to subvertical spin dle-shaped
bur rows up to 25 cm long, cir cu lar to ir -
reg u larly oval in cross-sec tion, at least
partly lay ered con cen tri cally around cen -
tral to excentral tube. Spin dles up to 10
mm in di am e ter, crowded in the bur row
up per part and ta per ing down wards, co -
alesc ing into ver ti cal or subvertical,
curved basal shafts that ex tend be neath
as a nar row slightly curved shaft. Spin -
dles and their in ter nal lay er ing of ten
poorly vis i ble due to homogeneus infill
same as the host quartz arenite  

Fodinichnion

domichnion
Terebellid

poly chaetes

Found as crowded in the
top part of one sand stone
bed cov ered by com pletely
bioturbated mudstone in
the ZMb at lo cal ity 12

Howard and Frey
(1984), Frey and
Howard (1985),
Knaust (2017);
sim i lar bur rows

were clas si fied by
Bromley and

Uchman (2003) as 
Asterosoma isp. 

Skolithos linearis

Fig. 35G 

Leszczyński 
(2010: fig. 16D)

Sim ple ver ti cal, un branched tubes,
3–5 mm in di am e ter and >50 mm in
length, some what ir reg u lar, with an in dis -
tinct wall and ho mo ge neous sandy infill

Domichnion Annelids,
phoronids

Found as many fragmenta -
rily pre served spec i mens
in a com pletely bur rowed,
crum bled muddy sand sto -
ne of CFm at lo cal ity 9

Fillion and
Pickerill (1990),

MacEachern et al. 
(2007a)

Spongeliomorpha cf.
sudolica

Fig. 26A, B

Endichnial, hor i zon tal, cy lin dri cal bur -
rows 10–20 mm in di am e ter, show ing Y- 
and T-shape branch ing and sub tle wall
or na men ta tion with short, criss cross -
ing, dull ridges oblique to bur row axis.
Dif fers from Spongeliomorpha sudolica
by the lo cally vis i ble or na men ta tion in
the form of lan ceo late ridges

Fodinichnion 
domichnion Deca pods

Found as sev eral spec i -
mens of var i ous seg ments
of bur row sys tem in the ZMb

Zaręczny (1878),
Marcinowski and

Wierzbowski
(1975), Gibert and 

Robles (2005)

?Taenidium baretti

Fig. 38A, B

Straight to curved, in dis tinctly branched,
cy lin dri cal, meniscate back filled, hor i zon -
tal to subhorizontal bur rows, 16–30 mm in
di am e ter, lined dis con tin u ously with sed i -
ment en riched in or ganic par ti cles and ir -
reg u lar to knob bly sand ag gre ga tes. Infill
menisci are hemi spher i cal or deeply ar cu -
ate, tightly packed, ir reg u larly com part -
men tal ized as het er o ge neous tra ce
seg ments. These forms were clas si fied as 
Taenidium baretti by Le szczyń ski (2010),
but their lo cal lin ing and signs of branch ing 
im pugn af fil i a tion with Taenidium

Fodinichnion Ar thro pods

Found as sev eral spec i -
mens a few cm long in
muddy sand stone of a he -
tero lithic pack age in the
CFm at lo cal ity 9 

Keighley and
Pickerill (1994),

Bromley et al.
(1999),

Leszczyński
(2010)
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?Taenidium crassum

Fig. 33E

Un branched, straight or sin u ous cy lin dri -
cal bur rows, un lined or very thinly lined,
with an infill con tain ing par a bolic or chev -
ron-shaped sed i ment pack ets, gen er ally
asym met ri cal, with the pa rab ola or chev -
ron apex off set rel a tive the infill midline

Fodinichnion Ar thro pods

Found as sev eral spec i -
mens a few cm long in
muddy sand stone of a he -
terolithic pack age in the
CFm at lo cal ity 9

Keighley and
Pickerill (1994),
Bromley et al.

(1999)

?Taenidium isp. A

Fig. 38C 

Un branched, straight or slightly curved
hor i zon tal to oblique cy lin dri cal bur -
rows, 4–5 mm in di am e ter and sev eral
cm long, with un lined wall and a
meniscate infill show ing het er o ge neous 
pack ets of hemi spher i cal menisci

Fodinichnion Ar thro pods

Found as a few spec i mens
in muddy sand stone of a
heterolithic pack age in the
CFm at lo cal ity 9

?Taenidium isp. B

Fig. 38D

Bed ding-oblique bur rows, ir reg u larly
lined, with a seg mented het er o ge neous
infill made of hemi spher i cal menisci

Fodinichnion Ar thro pods

Found as one spec i men in
muddy sand stone of a he -
tero lithic pack age in the
CFm at lo cal ity 9

Taxichnites ?wurmi

Fig. 29 B

Bow-shaped bur row sys tem, 10 mm wide 
and 35 mm long, re sem bling a co ni fer
twig, show ing two rows of tiny chev ron
lan ceo late ridges (fur rows) 2–5 mm long
and 1–2.6 mm wide with out marked axis 

Fodinichnion Ar thro pods
Found as a sin gle spec i -
men on sand stone bed so -
le at lo cal ity 6

Stepanek and
Geyer (1989),

Seilacher (2007)

?Teichichnus isp.

Figs. 16 D and 34

Long, straight, wall-like spreiten bur rows
up to 10 cm long and 3 cm high, with con -
cave-up hor i zon tal long axis and with
gently con cave, ver ti cally stacked gut -
ter-shaped hor i zon tal spreite laminae
with slightly in clined basal part. These
bur rows in ver ti cal sec tion can be con -
fused with Asterosoma

Fodinichnion Worm-like
an i mals

Found as a mass oc cur -
rence in a ver ti cal sec tion
of heterolith pack age in the 
CFm at lo cal ity 9

Teredolites clavatus

Fig. 12B–F 

Leszczyński 
(2010: fig. 10E, F)

Fine-sand casts of clavate full re liefs, 4–7 
mm in di am e ter, in com pletely weath ered 
drift wood, per pen dic u lar to the wood
grain. Casts de formed by wood com pac -
tion, with a length-to-width ra tio of <3

Domichnion Wood-bor -
ing bi valves

Found as clus ters in sev -
eral iso lated drift wood frag -
ments and in wood lag in
the ZMb and in the CFm at
lo cal ity 9

Leymerie (1842);
Kelly and Bromley 

(1984), Savrda
and Smith (1996)

Teredolites cf.
longissimus

Fig. 12A

Fine-sand casts of cy lin dri cal elon gate
full re liefs, 4–8 mm in di am e ter, in com -
pletely weath ered drift wood.

Domichnion, 
fodinichnion

Wood-bor -
ing bi valves

Sol i tary clus ter of spec i -
mens found in the ZMb at
lo cal ity 8

Kelly and Bromley 
(1984), Savrda

and Smith (1996)

Thalassinoides
paradoxicus

Fig. 23A–C

Endichnial and hypichnial cy lin dri cal hor i -
zon tal to ver ti cal bur rows, with small cy -
lin dri cal off shoots and rough to smooth
walls, ir reg u larly branched (T-shaped
jun c tions more com mon than Y-shaped
bi fur ca tions). Bur row di am e ter 5–35 mm,
oc ca sion ally en larged at branch ing
points. Infill sim i lar to the host sand

Domichnion,

fodinichnion
Deca pod

crus ta ceans

Por tions of sev eral sys tems
found in the com pletely bio -
turbated top part of up per -
most sand stone bed in the
ZMb at lo cal ity 5. Many spe -
c i mens found in the CFm at
lo cal i ties 5 and 9

Fürsich (1973),
Howard and Frey

(1984)

Thalassinoides
suevicus

Figs. 23D–H, 
31G–J, 37C

Cy lin dri cal, un lined, smooth-walled hor -
i zon tal bur rows, 10–30 mm in di am e ter,
com monly branched and slightly en lar -
ged at branch ing points, with Y-shaped
bi fur ca tions more com mon than
T-shaped junc tions. Bur row infill not al -
ways sim i lar to the host sand

Domichnion, 
fodinichnion

Deca pod
crus ta ceans

Found as sev eral maze
sys tems and bur row seg -
ments on top of sand stone
beds in the ZMb and as
many spec i mens in the
CFm at lo cal i ties 5 and 9 

Frey et al. (1984),
Frey and Howard

(1990), 
Schlirf (2000)

Thalassinoides isp.

Figs. 24A, B, 25A,
27A, B

Cy lin dri cal, un lined, hor i zon tally ori ented, 
rarely branched full re lief sho w ing
Y-shaped branch ing; 10 mm in di am e ter

Domichnion, 
fodinichnion

Deca pod
crus ta ceans

Noted in many spec i mens in 
sand stone of ZM.  In Warto -
wice they oc cur ac com pa -
ny ing Ophiomorha nodosa

Frey et al. (1984),
Frey and Howard

(1990)

aff. Thalassinoides
isp.

Figs. 16D, 24C
and 32A, B

Endichnial, hor i zon tal, ir reg u lar cy lin dri -
cal bur rows, 5–20 mm in di am e ter, show -
ing in dis tinct T-shape and Y-shape
bran ch ing, with ir reg u lar walls and off -
shoots mainly thin ner than the main bur -
row

Fodinich-
nion,

domichnion

Deca pod

crus ta -
ceans?

Found as casts of short bur -
row seg ments on sand stone
bed sole in ZMb at lo cal ity 1B 
and as full casts and ver ti cal
sec tion in a coal seam in
NMb (CFm) at lo cal ity 9

Frey et al. (1984),
Frey and Howard

(1990)

Treptichnus aff.
bifurcatus

Fig. 29C, D

Hor i zon tal, slightly curved row of short
bur row seg ments ar ranged at the an gle
to the row, pro ject ing main ly to one side;
bur row di am e ter 2–3 mm

Fodinichnion Ver mi form
an i mals

Re corded in sev eral spec i -
mens on lower sur face of san -
d stone bed in ZM, in Skała.
From proper T. bifur catus dif -
fers in the mainly shin gled ar -
range ment of seg ments

Schlirf (2000);
Rindsberg and 

Kopaska-
Mer kel (2005)

Tax o nom i cally un de ter mined trace fos sils

Pock marked re lief

Fig. 30B

Ir reg u lar patches of curly sand lumps,
~4 mm in size, and jaggy nar row crests
sep a rated by short wind ing fur rows

Pascichnia ?Fish or 
ar thro pods

Found on sharp bound ing
sur faces of sand stone beds
in the ZMb at lo cal ity 5

Curly lumps re lief

Fig. 30C

Ir reg u lar to lobate, elon gate patches of
fuzzy and oc ca sion ally coil -shaped
sand lumps ~2 mm in size

Fodinichnion ?Fish or 
ar thro pods

Found on sharp bed-boun -
d ing sur faces in sand sto -
nes of the ZMb at lo cal ity 8

Ir reg u lar pro jec tions

Fig. 30D

Hypichnial patches of ir reg u larly sha -
ped and sized pro jec tions ar ran ged
cha ot i cally. Some pro jec tions have a
fish-shape out line

Repichnia ?Fish, 
ar thro pods

Found on sand stone bed
sole in the ZMb at lo cal ity 9



black mudstones and where a cou ple of coars en ing-up wards
pack ages of mudstones pass ing into heterolithic de pos its cul mi -
nate in fine-grained sand stones. 

The thicker sand stones in the CFm are fri a ble, fine- to
coarse-grained, with a lo cal ad mix ture of gran ules and small
peb bles. Some are mas sive, in at least some cases due to per -
va sive bioturbation, whereas oth ers show par al lel, hor i zon tal to
gently in clined strat i fi ca tion, through cross-strat i fi ca tion, rip ple
cross-lam i na tion and rarely pla nar cross-strat i fi ca tion (Fig. 15D).
Bioturbation struc tures oc cur par tic u larly at lo cal i ties 5 and 9. At
this lat ter lo cal ity, there are also im prints and casts of scat tered
mol lusc shells, some in a life po si tion, as well as im prints of shell

lags (see Leszczyński, 2010). At lo cal ity 5, sev eral brown ish-red
to brown ferruginized ho ri zons and ferricrete lay ers oc cur (Fig. 7). 
In the cen tral sec tor of the quarry at lo cal ity 9, the lower part of the 
CFm, up to the up per coal bed, is tec toni cally duplexed over a
dis tance of ~13 m (Fig. 6B; Leszczyński, 2010).

TRACE FOSSILS AND BIOTURBATION PATTERN

Bioturbation struc tures oc cur er rat i cally in the stud ied de -
pos its. Their dis tri bu tion var ies both ver ti cally and lat er ally, de -
pend ing mainly upon lithofacies. Ver ti cal changes oc cur at a
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Tab. 1 cont.

Ichnogenus/ichnospe
cies

(with pho to graph ref -
er ences)

Short de scrip tion Ethol ogy In ferred 
pro ducer Oc cur rence Key ref er ences

Cane-pat terned re lief

Fig. 30A

Epichnial pan i cles and tighter bun ches
of cane-shaped fur rows, 1 mm wide and 
up to 15 mm long, lo cally over lapped
and sur rounded by ir reg u lar au re ole of
lump ish sed i ment 

Pascichnia Annelids
Found on a rip pled top of a
sand stone bed in the ZMb
at lo cal ity 5 

Lamellate struc tures

Fig. 32D

Sys tem of clus tered bur rows, in parts ver -
ti cally and obliquely lat er ally la mellate.
Clus ter ing re sem bles Phy co des. Un cer -
tain as so ci a tion with Thalla si noides-like
bur rows

Fodinichnion Un known Found in a coal seam in the 
CFm at lo cal ity 9 

Lumpy leveed
groove

Fig. 27F

Short epirelief con sist ing of a cen tral
groove, 2 mm wide and up to 10 mm
long, flanked on ei ther side by a lum py
levee up to 5 mm wide. Re sem ble a trail
of Cerithidea californica

Cubichnion
Gas tro pods
or ar thro -

pods

Found as many spec i mens
on tops of sand stone beds
in the ZMb at lo cal ity 5 

Knox and Miller
(1985)

Branched 3D swirls

Fig. 39A

Endichnial sys tem of clus tered, cur ved,
densely branched, ver ti cal and lat eral
cy lin dri cal bur rows, 2.2 mm in di am e ter

Fodinichnion ?Ar thro pods 
or ?annelids

Found in a small claystone
block de tached from an out -
crop of the CFm at lo cal ity 12

3D swirls

Fig. 39B

Endichnial sys tem of curved, ver ti cal
and lat eral cy lin dri cal bur rows, 2 mm in
di am e ter, swirled and un bran ched, with
lo cal mud man tle up to 1.5 mm thick

Fodinichnion ?Annelids

Found in a small block of
muddy sand stone de ta -
ched from an out crop of the 
CFm at lo cal ity 12 

Branched lump

Fig. 39C

An ir reg u lar cham ber (lump), up to 2 cm
in cross-sec tion, pre served in full re lief,
with hor i zon tally ra di at ing curved tun -
nels 1.5 mm in di am e ter. Infill slightly
coarser-grained than the host mud

?Calichnion ?Ar thro pods

Found as a sol i tary spec i -
men in a small block loose
of sandy mudstone de ta -
ched from an out crop of the 
CFm at lo cal ity 12

Lo cal i ties as in Ta ble 1 and lithostratigraphic ac ro nyms as in the text

Fig. 13. Bioturbation fea tures in the top part of Żerkowice Mem ber

A – ichnofabric and up wards in creas ing bioturbation in ten sity in a sand stone bed, lo cal ity 5 (Wartowice), pho tog ra phy Au gust 2011;
B – highly bioturbated top of sand stone bed, stained with Fe- ox ide/hy drox ide, show ing rare tun nels (yel low ar row) and shafts (white
ar row) of an un de ter mined cy lin dri cal trace fos sil and a sus pected im print of a tree trunk (black ar row), same lo cal ity and pho to -
graphy date



scale of both in di vid ual beds and lithostratigraphic units, with
the ZMb de pos its show ing en tirely dif fer ent trace-fos sil as sem -
blages than the CFm de pos its (Ta ble 2; Figs. 12, 14–39). 

In the ZMb de pos its, ex cept for the out crops at lo cal ity 11,
non-bioturbated sand stones dom i nate. This per tains par tic u -
larly to lo cal i ties 1, 2 and 9, where bioturbation struc tures oc cur
as iso lated endichnial bur rows and only spo radic bur rows on
bed ding sur faces (ob served in loose sand stone blocks). Bur -
rows are more com mon in the out crops at lo cal i ties 3, 4 and
6–8, and are most ex ten sively dis trib uted at lo cal ity 11, where

the out crop sec tion >5 m thick (Fig. 17) shows BI = 3 to 6 and
where in tense bioturbation oc curs as ir reg u lar patches. One or
more in ter vals with bioturbation struc tures were rec og nized in
sand stones at lo cal i ties 5, 10 and 12 (Fig. 7). These in ter vals
are 0.3–2.5 m thick, with sharp tops, com pletely bioturbated
top most part (5–30 cm) and a down wards-de creas ing con cen -
tra tion of bur rows (Fig. 10A, C–E). Struc tures rem i nis cent of
plant-root casts have been found in such an in ter val ~4 m be low 
the ZMb top at lo cal ity 5, where ev i dent plant-root struc tures oc -
cur at the ZMb top.
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Fig. 14. Sed i men tary fea tures of the bound ary in ter val be tween the Żerkowice Mem ber and Czerna For ma tion 
at lo cal ity 5 (Wartowice)

A – the low est part of the Czerna For ma tion (~2 m) with a plant-rooted sand stone over lain by claystone and thin layer of allochthonous
coal, pho tog ra phy May 2013; B – close-up view of the plant-rooted sand stone un der lain by a whit ish- grey clayey siltstone with
goethite rhizocretions; C, D – ferruginized plant-root traces seen in ver ti cal sec tion of a ferricrete ho ri zon and on bed ding sur face, re -
spec tively, pho tog ra phy Au gust 2012; E, F – goethitic rhizocretions (or ange) in clayey siltstone seen on bed ding-oblique and bed -
ding-par al lel sur face, re spec tively, pho tog ra phy May 2010



Due to the nearly hor i zon tal at ti tude of beds, their con sid er -
able thick ness and out crops in quar ries, the bioturbation struc -
tures are ac ces si ble for in ves ti ga tion mainly on frac ture sur -
faces trans verse to bed ding, whereas an ac cess to bed ding
sur faces was lim ited to blocks de rived from the quarry wall.
These con di tions ham pered par tic u larly the tax o nomic iden ti fi -
ca tion of hor i zon tally spread ichnia and their lo cat ing in the out -
crop sec tion. In to tal, 21 ichnogenera were de ter mined in the

ZMb (Ta ble 2 and Figs. 12A–E, 14, 17–29). Most of them were
de ter mined in open no men cla ture, with five forms dis tin guished
as tax o nom i cally un de ter mined (Fig. 30). 

Ophiomorpha, par tic u larly O. nodosa, is the most com mon
trace fos sil in the sand stones of the ZMb. Much less fre quent is
Thalassinoides (mainly T. suevicus, rarely T. paradoxicus) and
in ter me di ate forms. Other ichnotaxa oc cur ei ther as sol i tary
forms or as a few spec i mens, or in sin gle beds only. They in -
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Fig. 15. Sed i men tary fea tures of the Czerna For ma tion at lo cal ity 5 (Wartowice)

A – clayey seatearth (bog vertisol) with dark thread-like plant-root traces and thin coal bed at the top, pho to graph May 2013; B, C, E –
three suc ces sive in ter vals of de pos its above coal bed, show ing sand stone with bur rows over printed by dis persed Ophiomorpha (ar -
rows), stron ger bioturbated ferruginized top part of sand stone and an over ly ing pack age of mudstone-dom i nated, var ie gated
(ferruginized) heterolithic de pos its, pho to graphs Oc to ber 2010 (B, C) and Au gust 2011 (E); D – large-scale pla nar cross-strat i fied
sand stone lack ing bioturbation struc tures, pho to graph Au gust 2011
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Fig. 16. Sed i men tary fea tures of the low est part of the Czerna For ma tion at lo cal ity 9 (Rakowice Małe)

A – ex po sure of the Nowogrodziec Mem ber (NMb) of the Czerna For ma tion (CFm) and the un der ly ing part of the Żerkowice Mem ber (ZMb) of
the Rakowice Wielke For ma tion (RFm), pho to graphed in May 2008, with let ters B–H in di cat ing lo ca tion of close-up pho to graph and the walk -
ing stick (en cir cled) 1 m long; B – pack age of claystones and mudstones with out dis tinct bioturbation struc tures, rest ing di rectly on sand stone 
of the Żerkowice Mem ber; C – histosol with plant-root traces (ar rows) be neath the lower coal bed, pho tog ra phy July 2007; D – the up per coal
bed rich in sand-made trace fos sils (light col our spots) in clud ing ?Teichichnus isp. (Ti), Thalassinoides isp. (Th) and aff. Thalassionoides isp.
(aT), pho tog ra phy July 2007; E – sand stone-dom i nated heterolithic pack age in ter val al most com pletely dis turbed by bur rows, pho tog ra phy
Au gust 2009; F – the up per most part of the Nowogrodziec Mem ber, with dark grey to dark green mudstones bear ing thin sideritized lay ers
(ar rows), pho tog ra phy May 2008; G – ichnofabric of sapropelic mudstone pass ing up wards into sand stone at the top of the Nowogrodziec
Mem ber (the light col oured spots are bur rows), the coin (scale) is 1.5 cm, pho tog ra phy May 2008; H – highly bioturbated sand stone with rec -
og niz able faint rel ics of pla nar cross-strat i fi ca tion (ar row), pho tog ra phy May 2008
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Fig. 17. Re la tion ship be tween lithofacies and ver ti cal dis tri bu tion of bur rows (mainly Ophiomorpha nodosa) in the most
bioturbated sand stones of the Żerkowice Mem ber at lo cal ity 11 (Milików)

A – out crop sec tion show ing bioturbation (BI = 3 to 6) in the en tire thick ness, with patchily ag gre gated bur rows (BI = 4 to 6, out lined in
red) and the black rect an gle in di cat ing close-up in B; B – closer-up de tail of the ex po sure, show ing cross-sec tions of O. nodosa tun nels
(di am e ter up to 4 cm) and a relic trace of bed-bound ing sur face (ar row); C – por tion of ex posed sec tion com pletely ho mog e nized by
bioturbation, dom i nated by O. nodosa tun nels up to 3 cm in di am e ter; D – ex po sure de tail show ing re la tion ship be tween sand stone
cross-strat i fi ca tion and its bioturbation

Fig. 18. Oc cur rence of Ophiomorpha nodosa in the sand stones of Żerkowice Mem ber

 A – tun nel-fill show ing smooth-walled core man tled with tightly dis trib uted rounded pel lets (weath ered out), the coin (scale) is 1.5 cm, lo cal ity 
4 (Żeliszów), pho tog ra phy Oc to ber 2010; B – shaft of sol i tary min ute O. nodosa (ar row), lo cal ity 12 (Osiecznica), pho tog ra phy April, 2013; C
– shaft mould show ing pits af ter pel lets ar ranged in rows trans verse to bur row elon ga tion, as in O. annulata (ar row), lo cal ity 5 (Wartowice),
pho tog ra phy Au gust 2011; D – steeply in clined bur row show ing dis persed sandy pel lets and rem nants of ear lier shaft to the right (ar row),
same lo cal ity, pho tog ra phy Au gust 2011; E – ax ial sec tion of tun nel-fill with a sawtooth out line of pel lets (ar row), some with a sandy core,
same lo cal ity, pho tog ra phy May 2013; F – clus ter of bur rows with highly ir reg u lar lin ings and lo cally con i cal pel lets, same lo cal ity, pho tog ra -
phy Au gust 2011; G – seg ment of tun nel-fill with cha otic and lo cally pelleted lin ing (ar row), same lo cal ity, pho tog ra phy Oc to ber 2010; H – tun -
nel-fill lined with loosely dis trib uted muddy sand pel lets on one side and an ir reg u lar wall on the other side, same lo cal ity, pho tog ra phy
Au gust 2011; I – ax ial sec tion of tun nel-fill show ing an Fe-stained out line of pelleted lin ing with con i cal mud pel lets (ar row), same lo cal ity,
pho tog ra phy Au gust 2011; J – lon gi tu di nal sec tion of tun nel-fill marked by an Fe-stained out line (ar row), and faint meniscation, same lo cal -
ity, pho tog ra phy Au gust 2011; K – tun nel mould show ing pel lets ar ranged in rows trans verse to bur row elon ga tion (ar row), as in O. annulata,
same lo cal ity, pho tog ra phy Oc to ber 2011; L – meniscate tun nel-fill thinly lined with loosely dis trib uted pel lets (ar row), lo cal ity 8 (Żerkowice),
pho tog ra phy Au gust 2011; M – outer sur face of tun nel show ing ir reg u lar, non-pelleted to pelleted lin ing with pel lets formed as ag gre gates of
smaller pel lets (ar row), lo cal ity 5 (Wartowice), pho tog ra phy July 2013; N – mould of tun nel wall (ar row) and a seg ment of smooth-walled tun -
nel-fill to the right, same lo cal ity, pho tog ra phy Oc to ber 2010
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clude: Asterosoma isp., Aulichnites parkerensis, Biformites
insolitus, ?Curvolithus isp. ?Cylindrichnus isp., ?Diplocraterion
isp., Helminthopsis abeli, ?Lockeia isp., aff. Macaronichnus
segregatis, ?Nereites irregularis, Ophioichnus isp., Palaeo -
phycus sulcatus, Planolites beverleyensis, aff. Scolicia strozzii,
?Sinusichnus isp., Spongeliomorpha cf. sudolica, Taxichnites
?wurmi, Teredolites clavatus, T. cf. longissimus, Treptichnus

aff. bifurcatus, plant-root struc tures and four un de ter mined
ichnofossils. All rarely en coun tered ichnotaxa are mainly hor i -
zon tally spreaded forms found on sand stone bed ding sur faces.

The high est num ber of ichnotaxa have been found at lo cal i -
ties 5, 6 and 8. In other out crops, only one or a few forms have
been found. Ophiomorpha is the only ichnofossil ob served in all
out crops, al though in some it was en coun tered as a sin gle
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Fig. 19. Vari able dis tinc tive ness and lin ing style of Ophiomorpha nodosa in sand stones of the Żerkowice Mem ber 

A – spec i men with its ar rowed left-hand seg ment show ing elon gate pel lets ar ranged trans versely to bur row axis and the ar rowed
right-hand seg ment show ing cha ot i cally ar ranged larger, round pel lets; B – two-branch spec i men show ing vari able ar range ment of
pel lets; C – light-col oured spec i men (ar rowed) with a faint and sim i larly pale lin ing, show ing small, poorly vis i ble and ir reg u larly dis trib -
uted pel lets; D – spec i mens (ar rowed) with a slightly lighter col our than that of the host sand stone and with a pit ted im print; E – spec i -
men with a lin ing vary ing from dis tinct and pelleted to ab sent; F – spec i men show ing a faint lin ing with pel lets solely as the lin ing mould.
Lo cal ity 5 (Wartowice), pho to graphs A, C and D from Oc to ber 2010 and pho to graphs B, E and F from Au gust 2011
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Fig. 20. Ophiomorpha nodosa on sand stone bed ding sur faces in the Żerkowice Mem ber at lo cal ity 5 (Wartowice)

Most dis tinct spec i mens are in di cated by ar rows. Note vari a tion in the bur row size and den sity, lin ing type, course, 
style of branch ing and pat tern of mu tual criss-cross ing; pho to graphy A from Oc to ber 2010, pho to graphs B and C

 from Au gust 2011, and pho to graphy D from July 2013

Fig. 21. Ophiomorpha ?nodosa on sand stone bed ding sur faces in the Żerkowice Mem ber at lo cal ity 5 (Wartowice)

Most dis tinct spec i mens are in di cated by ar rows; note that the pel lets in B tend to be ar ranged in pairs; 
pho to graphs taken in Au gust 2011



spec i men only. It oc curs as sand-filled, cy lin dri cal, hor i zon tal to
subhorizontal branch ing tun nels and ver ti cal shafts show ing at
least par tially a lin ing with ag glu ti nated pelletoidal sed i ment.
Tun nels show high vari abil ity in their size, course, pat tern and
the form of lin ing (Figs. 17–22). Bur rows 10–15 mm thick are
most com mon, with the thick est spec i mens reach ing 40 mm in

di am e ter. Spec i mens thicker than 15 mm are most nu mer ous at 
lo cal ity 11. Bur row lin ings, in the form of a cha otic mass of ir reg -
u lar thick ness, are al ways pres ent and vary in the shape and
dis tri bu tion of pel lets (Figs. 18A, B, F, G and 20D). Pel lets are
densely to loosely dis trib uted as sandy glob u lar (Fig. 18A, B) to
muddy ovoid, po lyg o nal or con i cal of var i ous sizes (Fig. 18E, I,
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Fig. 22. Ophiomorpha isp. A and its fea tures in the sand stones of Żerkowice Mem ber at lo cal ity 10 (Kotliska); 
pho to graphs from May 2013

A–C – moulds of bur row sur face (O) show ing pit ting af ter muddy pel lets (re mains pre served in some pits) that orig i nally pro tected the
bur row walls from col lapse; the com plex mor phol ogy of the pit ted sur face in B is a re sult of mul ti ple bur row ing; D – casts of a tun nel (O1) 
and a ?brood ing cham ber (O2) with dis persed pits af ter muddy pel lets aligned to the bur row sur face (ar rows); note the nubs in cast O1
and dif fuse lon gi tu di nal striations in cast O2; E – de tail of tun nel cast sur face (O) show ing ridges and nubs (white ar rows), as well as pits 
af ter clayey pel lets at the tun nel mar gin (black ar row); F – infill of a ?brood cham ber (O) seen in ver ti cal sec tion of the dis tal part of cast
with frag ments of host sed i ment; the faint signs of lam i na tion on the bur row left-hand side and the ho mog e nized sed i ment at its dif fuse
right-hand mar gin sug gest a partly ac tive cham ber fill ing with the fi nal in fill ing by wall col lapse; the light col oured streaks en riched in
clay may be rem nants of de stroyed mud pel lets 
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Fig. 23. Oc cur rence of Thalassinoides in the Żerkowice Mem ber

A – poorly pre served maze of Thalassinoides paradoxicus in a muddy sand stone at lo cal ity 6 (Skała I), pho to graphy Au gust 2011; B – poorly
pre served maze of Thalassinoides paradoxicus in a heavily bioturbated muddy sand stone at lo cal ity 5 (Wartowice), pho tog ra phy Au gust
2011; C – Thalassinoides paradoxicus (ar rows) on the top sur face of sand stone bed cov ered with red mudstone at lo cal ity 8 (Żerkowice), pho -
tog ra phy Au gust 2008; D – Thalassinoides suevicus on a sand stone bed sole at lo cal ity 6 (Skała I), pho tog ra phy Au gust 2011; E –
Thalassinoides suevicus on the top sur face of sand stone bed at lo cal ity 6 (Skała I), pho tog ra phy Au gust 2013; F – Thalassinoides suevicus
on sand stone bed ding sur face at lo cal ity 9 (Rakowice Małe), pho tog ra phy May 2007; G – Thalassinoides suevicus in the ax ial part of a
scoop-shaped rip pled sur face sep a rat ing trough cross-strata sets in a sand stone pack age at lo cal ity 8 (Żerkowice), pho tog ra phy July 2008; H
– Thalassinoides suevicus partly flat tened by com pac tion at the same lo cal ity, the pocketknife (scale) is 9 cm long, pho tog ra phy July 2008
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Fig. 24. Con tro ver sial trace fos sils with Ophiomorpha and Thalassinoides af fin ity in the Żerkowice Mem ber 

A – Ophiomorpha nodosa (1) and bur rows with a straight course and no lin ing (2), clas si fied ten ta tively as Thalassinoides isp., lo cal ity
5 (Wartowice), pho tog ra phy Au gust 2011; B – Thalassinoides isp. with Y-shaped branch ing and criss cross ing of bur rows, lo cal ity 5
(Wartowice), pho tog ra phy Oc to ber 2010; C –?casts of shal low domichnia or cubichnia (black ar rows) and aff. Thalassinoides isp.
(white ar rows) on the sole of sand stone bed at lo cal ity 1B (Czaple), pho tog ra phy July 2015; D – bur rows in ter me di ate be tween
Thalassinoides and Ophiomorpha on a sand stone bed sole, show ing traces of muddy lin ing and a rough, knobby tun nel-fill wall, lo cal -
ity 8 (Żerkowice), pho tog ra phy May 2008

Fig. 25. Se lected hypichnia in the Żerkowice Mem ber

A – ?Diplocraterion isp. (Dp), ?brood cham ber of Ophiomorpha isp. (O), ?Sinusichnus isp. (Si) and Thalassinoides isp. (Th) on a
sand stone bed sole at lo cal ity 8 (Żerkowice), pho tog ra phy May 2008; B – Scolicia aff. strozzii (ar rows), casts of in verted bi valve

shells, small prodmarks and dragmarks on sand stone sole in a loose block at the same lo cal ity, pho tog ra phy May 2008



K; cf. Frey et al., 1978; Bromley, 1991; Miller et al., 1998). The
lin ing by a cha otic muddy mass evolves from con i cal and ir reg -
u lar muddy pel lets (Figs. 18G–I and 20D) and is prob a bly the fi -
nal prod uct of fluidized pel let de struc tion. The ar range ment of
pel lets changes in some bur rows from cha otic to trans verse to
the bur row axis (Figs. 18C and 19A, B). The wall lin ing of some
bur rows is very thin and ab sent in some of their parts (Fig. 19C,
D). Its lack is par tic u larly char ac ter is tic of the tun nel floor (Fig.
10C). No ta bly, the sur face of the bur row fill, and thus the in te rior 
sur face of the wall lin ing, in the most com mon Ophiomorpha
10–15 mm thick ap pears to be al ways smooth (Figs. 18A, H, N,
19E, F and 20D). Bur rows are typ i cally filled with mas sive sand. 
A dis tinctly meniscate fill was found in only one bur row (Fig.
18L). 

Tun nels out num ber shafts by 3 to 1, ex cept for the out crop
at lo cal ity 1C where rare Ophiomorpha oc cur mainly as shafts.
Ver ti cal dis tri bu tion of tun nels im plies their oc cur rence typ i cally
in an ir reg u lar boxwork pat tern and subordinately in ir reg u lar
mazes (cf. Frey and Howard, 1975). Be cause of un fa vour able
out crops, the hor i zon tal pat tern of O. sys tems at a scale
>0.5 m2 could be ob served only at lo cal ity 5, where most tun -
nels show a del i cately curved, ir reg u lar course, a rel a tively
dense branch ing and a patchy con cen tra tion (Fig. 20A–C).
Both Y- and T-shaped branch ing oc curs. Some bur row sys -
tems show tun nels ex tend ing ra di ally from one point (Fig. 20B).
The dis tri bu tion of bur rows on sur faces nor mal and par al lel to
bed ding in di cates an Ophiomorpha ichnofabric in dex (Droser
and Bottjer, 1986, 1989) be tween 1 and 3. A denser dis tri bu tion
is only rarely ob served. At lo cal i ties 5, 10 and 11, a high con -
cen tra tion of O. oc curs in cer tain parts of the sed i men tary suc -
ces sion, giv ing a typ i cal Ophiomorpha ichnofabric. In other out -
crops, O. oc curs al most ex clu sively in high dis per sion with out
other trace fos sils. 

Con sid er ing the Ophiomorpha ichnospecies de fined in the
lit er a ture (Uchman, 2009; Knaust, 2017), those ob served in the
ZMb would ap pear to rep re sent al most ex clu sively O. nodosa.
At lo cal ity 5, two small Ophiomorpha sys tems with dis tinctly
curved to wind ing bur rows, dense branch ing and densely
pelleted wall lin ings were found (Fig. 21), with pel lets of rounded 
shape and sim i lar size. These bur rows are dis tinctly dif fer ent
from the typ i cal O. nodosa and are there fore clas si fied as
Ophiomorpha ?nodosa.

Still other Ophiomorpha have been en coun tered in a thin in -
ter val of one sand stone bed at lo cal ity 10. They are re corded
mainly as small, ir reg u lar, elon gate to ram i fied, con i cally pit ted
sur faces up to ~20 cm2 and as sand-filled hor i zon tal to ver ti cal
cir cu lar bur rows, 30–40 mm in di am e ter, lined with loosely to
densely dis trib uted and cha ot i cally ori ented, con i cal muddy pel -
lets (Fig. 22). The bur row fill is mas sive with a rough sur face
marked by nubs, short ridges and fur rows. The pit ted patches
are molds of the outer sur face of the pelleted bur row lin ing.
Small ir reg u lar and partly over lapped patches in di cate mul ti ple
re work ing of bur rows. Be cause of its size and char ac ter of lin -
ing, this bur row is clas si fied here ten ta tively as Ophiomorpha
isp. A. 

One hor i zon tal seg ment of such a thick O. was found as so -
ci ated with a club-shaped sand-built body that ap pears to bud
from it. This body is 14 cm long and up to 5.5 cm in di am e ter,
built of fine-grained sand iden ti cal to that in the host rock. Its un -
cov ered sur face is rough, show ing faint lon gi tu di nal striations
and nubs. Elon gate pits per pen dic u lar to the bur row sur face oc -
cur at the bor der be tween its un cov ered and hid den part. Some
pits show mud rem nants in side. The ver ti cal sec tion of the dis tal 
bur row part shows its hid den side al most per fectly welded with
the host sed i ment. The in fill ing sed i ment shows crude par al lel
strat i fi ca tion in the sharply out lined, lower part of the bur row and 
a cha otic sed i ment above – with an ir reg u lar, dif fusely out lined
and out wards ex tend ing, streaky en rich ment in mud. Traces of
the bur row out line, marked by en rich ment in mud, ex tend at a
short dis tance in con ti nu ity with the sharp ex posed bur row mar -
gin. The club shape sug gests that the struc ture rep re sents a
cast of a brood ing cham ber of Ophiomorpha pro duc ers. The
bur row was ac tively filled in the lower part and be came closed
by a bur row col lapse. The streaky en rich ment in mud in the cha -
otic fill seems to com prise re mains of de stroyed bur row lin ing.
An other spec i men of pos si ble Ophiomorpha breed ing cham ber
was found cast on a sin gle sur face in sand stone bed at lo cal ity
10 (Fig. 22).

The next in fre quency, al beit much rarer, in the ZMb is the
ichnogenus Thalassinoides de vel oped as sand-filled, cy lin dri -
cal, hor i zon tal to subhorizontal, branch ing, un lined tun nels with
some vari abil ity of form. Ir re spec tive of their form, the spec i -
mens of Thalassinoides as full re liefs or casts were found al -
most ex clu sively on sand stone bed ding sur faces. Most fre quent 
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Fig. 26. Spongeliomorpha cf. sudolica in sand stones of the Żerkowice Mem ber 

A – fully ex posed bur row sys tem, with the white rect an gle in di cat ing de tail shown in B and scale as in the lat ter; B – close-up de tail 
of the bur row in A, show ing sub tle or na men ta tion of the bur row walls; lo cal ity 8 (Żerkowice), pho tog ra phy July 2007



are spec i mens rep re sent ing the ichnospecies suevicus and
paradoxicus, dif fer ing in the style of branch ing (Fig. 23). Much
less com mon are spec i mens of a dif fer ent and some what un -
cer tain tax o nomic af fil i a tion with Thalassinoides. These in clude
ex am ples en coun tered in small por tions as sand-filled, cy lin dri -
cal, smooth-walled bur rows ~10 mm in di am e ter, hor i zon tal to

subhorizontal and mainly Y-shaped, lack ing dis tinct lin ing and
rarely branched (Figs. 24A, B and 27A, B). They have been
clas si fied herein as Thalassinoides isp. Some of them ac com -
pany Ophiomorpha nodosa and may rep re sent parts of a com -
plex Ophiomorpha–Thalassinoides bur row sys tem.
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Fig. 27. Other trace fos sils on sand stone bed ding sur faces in the Żerowice Mem ber 

A – Aulichnites parkerensis (Au) “ra di at ing” from one point and Thalassinoides isp. (Th) on bed top sur face, lo cal ity 8 (Żerkowice),
pho tog ra phy May 2008; B – Aulichnites parkerensis (Au), cast of a shal low domichnial hole (K), ?Lockeia isp. (Lo) and Thalassinoides
isp. (Th) on sand stone bed top; same lo cal ity and time of pho to graph; C – aff. Asterosoma isp. (As), Biformites insolitus (Bi),
?Curvolithus isp. (Cu), ?Lockeia isp. (Lo) and ?Planolites beverleyensis (Pb) on sand stone bed sole, same lo cal ity, pho tog ra phy July
2007; D – close-up de tail from C, show ing Asterosoma coxii (As) and ?Lockeia isp. (Lo); E – ?Curvolithus isp. (Cu) and Helminthopsis
abeli (He) on sand stone bed sole, same lo cal ity, pho tog ra phy July 2008; F – ?Nereites irregularis (Ni) and un de ter mined lumpy leveed 
groves (Lg) rem i nis cent of Cerithidea californica trails (Knox and Miller, 1985) on sand stone bed top,  lo cal ity 5 (Wartowice), pho tog ra -
phy Au gust 2012



De ter mined as aff. Thalassinoides isp. were spec i mens oc -
cur ring as casts of hor i zon tal, cy lin dri cal, un lined Y-shaped and
curved bur rows with an ir reg u larly chang ing di am e ter of
5–12 mm and a rough sur face (Fig. 24C). They were en coun -
tered at lo cal ity 1B on the sole of a sand stone bed densely cov -
ered with casts of un de ter mined, mostly short, spigot-shaped
bur rows.

A trace fos sil form found as a maze sys tem of cy lin dri cal, Y-
and T-shaped branched bur rows with sub tly bumpy sur faces
(Fig. 24D) has been clas si fied as in ter me di ate be tween
Ophiomorpha and Thalassinoides. 

Bioturbation struc tures in the CFm are sig nif i cantly dif fer ent
than in the ZMb (Figs. 14B, E–H, 15A, 16C and 31–39). Only a
few un de ter mined trace-fos sil forms, be sides mot tling struc -
tures, were found in the lower, muddy part of the CFm at lo cal ity 
12 (Fig. 39). It is pos si ble that some of the mot tling rep re sents
bioturbation. At lo cal i ties 5 and 9, in con trast, bioturbation struc -
tures oc cur in nearly whole ex posed part of the CFm. At both lo -
cal i ties, the basal, mudstone-dom i nated de pos its, up to the up -
per coal bed, show plant-root struc tures as the only ev i dent
trace fos sils (Figs. 14B, E, F, 15A and 16C). The plant-root
struc tures oc cur as one or more ho ri zons in the basal part of the 
CFm, di rectly above the con tact with the ZMb at lo cal ity 5 and in 
the seatearth of the lower coal bed at lo cal ity 9. Heavily bio -
turbated in ter vals, with BI = 5 to 6 and with a par tic u larly rich

trace-fos sil as sem blage at lo cal ity 9 (Leszczyński, 2010), oc cur
in the higher part of the CFm suc ces sion (Fig. 7). 

The out crop sec tion above the coal bed at lo cal ity 5, up to
~7 m above the base of CFm, shows Ophiomorpha nodosa
mainly as shafts, with some un de ter mined trace fos sils in the
heavily bioturbated top parts of sand stone pack ages over lain by 
var ie gated mudstones and in the top parts of some of the in di -
vid ual sand stone beds (Fig. 15B, C, E). Bioturbation pat tern
(ichnofabric) is rem i nis cent of Thalassinoides, lo cally over -
printed by struc tures re sem bling plant roots and ul ti mately by
dis persed Ophiomorpha isp., O. nodosa oc curs solely in sand -
stones and shows an in dis tinctly pelleted, white muddy lin ing
(Fig. 15E).

At lo cal ity 9, the higher part of the CFm, above the up per
coal bed, is the rich est in bioturbation struc tures (Figs. 7,
16C–E, G and 31–38), as doc u mented by Leszczyński (2010).
The fol low ing ichnogenera were rec og nized in these de pos its:
Thalassinoides, Ophiomorpha, Asterosoma, Palaeophycus,
Plano lites, Skolithos, Teredolites, Chondrites, Cylindrichnus,
Arenicolites, Rosselia, Taenidium, Teichichnus, Phycodes,
Phyco siphon and Schaubcylindrichnus. The au thor’s sub se -
quent study has led to a slight mod i fi ca tion of this doc u men ta -
tion. The num ber of ichnogenera is the same (Ta ble 2), but
Phycodes and Phycosiphon have been ex cluded, while Helmi -
nthopsis and aff. Macaronichnus have been added as new
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Fig. 28. Ac ces sory endichnial trace fos sils in the sand stones of Żerkowice Mem ber 

A – aff. Macaronichnus isp. (ar rows) in a sand stone stained with de com posed or ganic sub stance, lo cal ity 12 (Osiecznica), pho tog ra phy
Au gust 2012; B – aff. Sinusichnus isp. (ar rows) on sand stone sole, lo cal ity 9 (Rakowice Małe), pho tog ra phy May 2007; C, D – ?Rosselia
isp. A in ver ti cal sec tion and on bed ding plane (ar rows), re spec tively; lo cal ity 12 (Osiecznica), pho tog ra phy April 2013



ichnogenera. The oc cur rence of Rosselia, Schaubcy lin -
drichnus, Taenidium and Teichichnus re mains un cer tain. Some 
of the ichnotaxa clas si fied for mally in Leszczyński (2010) have
now been clas si fied in open no men cla ture (e.g., Palaeophycus
and Planolites). The struc tures of clus tered bur rows clas si fied
herein as aff. Thalassinoides isp. were in ter preted ear lier

(Leszczyński, 2010) as ichnogenus Phycodes. Like wise, bur -
rows with a curved course and thick lam i na tion in ver ti cal
cross-sec tion (Fig. 16D), clas si fied herein as ?Teichichnus isp.,
were ear lier in ter preted as Teichichnus zig zag. Their curved
ver ti cal course is now con sid ered as due to de for ma tion by a
high com pac tion of the host peaty sed i ment (pres ently coal).
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Fig. 29. Trace fos sils on sand stone bed ding sur faces in the Żerkowice Mem ber 

A – Ophioichnus isp. (ar rows) on sand stone bed top (ar row), lo cal ity 5 (Wartowice), pho tog ra phy Au gust 2017; B – Taxichnites ?wurmi
(ar row) on sand stone bed sole, same lo cal ity, pho tog ra phy July 2013; C – Treptichnus aff. bifurcatus (ar rows) and un de ter mined bur -
rows on sand stone bed sole, lo cal ity 6 (Skała I), pho tog ra phy July 2013; D – Treptichnus aff. bifurcatus (ar row) on sand stone bed sole,
lo cal ity 6 (Skała I), pho tog ra phy July 2013; E – ?Nereites isp. (Dreginozoum pres er va tion, N), cf. Treptichnus isp. (T) and un de ter mined
bur rows (U) on sand stone bed sole, same lo cal ity, pho tog ra phy July 2013; F – ?Lockeia isp. (Lo), aff. Scolicia isp. (S), Treptichnus isp.
(T) and un de ter mined bur rows (U) on sand stone bed sole, Żerkowice Mem ber, same lo cal ity and pho tog ra phy date



The in flu ence of sed i ment com pac tion is also in di cated by a
highly com pressed shape of the casts of ver ti cally ori ented
Teredolites clavatus bor ings. 

The trace fos sils clas si fied as aff. Thalassionoides isp. are
spe cific in show ing an ir reg u lar out line, a rough wall and forms
of two sizes. Thin forms (7–8 mm in di am e ter) oc cur in frag -
ments up to 2 cm long, whereas the thicker ones at tain 7 cm in
length. More over, the thin forms ap pear to sprout from the thick
ones. Based on their size and branch ing re la tion ship, both
forms are con sid ered as an un iden ti fied spe cies close to the
ichnogenus Thallasinoides, for which the offshooting of small
forms from larger ones is known (e.g., Howard and Frey, 1984;
Knaust, 2017). The small forms are con sid ered to have been
pro duced by ju ve nile an i mals of the same endobenthic spe cies
(Frey and Howard, 1975).

In to tal, 27 ichnotaxa have been iden ti fied in this part of the
CFm at lo cal ity 9, with one trace-fos sil form dis tin guished as un -
de ter mined. The abrupt change in bioturbation style re corded in 
the up per coal bed at lo cal ity 9 is marked by the oc cur rence of
nu mer ous sand-built endichnia, in clud ing Thalassinoides sue -
vicus, aff. Thalassionoides isp., ?Teichichnus isp. (Fig. 16D)
and un de ter mined obliquely-lamelled struc tures (Fig. 32D), as
well as abun dant epichnial Teredolites clavatus (Figs. 7 and

12F). This trace-fos sil as sem blage constrasts with the del i cate
plant-root traces of shrub-like veg e ta tion that are the only mac -
ro scop i cally rec og niz able bi otic struc tures in the seatearth be -
neath the coal bed (Fig. 16C). 

A heavy bioturbation (BI = 5 to 6) is shown by ar gil la ceous
sand stone and heterolithic de pos its over ly ing the up per coal
bed at lo cal ity 9. The dom i nant ichnofabric com bines ?Tei -
chichnus and ?Asterosoma (Fig. 34), with dis persed Cylin -
drichnus concentricus (Fig. 36A–D), ?Palaeophycus heberti
(Figs. 35C, D and 36C), ?Palaeophycus isp. (Fig. 35A, C–E),
?Planolites isp. (Fig. 35A, E, F), sin gle ?Schaubcylindrichnus
isp. (Fig. 37D), ?Taenidium baretti (Fig. 38A, B), ?Taenidium
isp. A (Fig. 38C), ?Taenidium isp. B (Fig. 38D) and ?Rosselia
isp. (Fig. 36F). The bioturbation in ten sity, vari abil ity and bur row
size de crease up wards, which is as so ci ated with an up ward de -
crease of sand stone con tent and dis ap pear ance of ichnofabric
dom i nated by ?Teichichnus and ?Asterosoma. The higher part
of the heterolithic pack age shows lev els of densely dis trib uted
Helminthopsis abeli (Fig. 37C, D), aff. Macaronichnus isp. (Fig.
36E) and Arenicolites sparsus (Fig. 37A). 

These heterolithic de pos its pass up wards into a pack age of
clayey mudstones show ing swirl-type struc tures, which may at
least partly be of biogenic or i gin. The next abrupt change in
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Fig. 30. Un de ter mined trace fos sils and sus pected biogenic fea tures on sand stone bed ding sur faces in the Żerkowice Mem ber 

A – bunches and pan i cles of cane-pat terned re liefs (ar rows) on a rip pled top sur face of sand stone bed, lo cal ity 5 (Wartowice), pho tog ra -
phy Au gust 2011; B – Palaeophycus sulcatus (Ps), Planolites beverleyensis (Pl) and un de ter mined pock marked re lief pro duced by scav -
en gers (B) on sand stone bed sole with wave-rip ple casts, same lo cal ity and pho to graphy date; C – min ute ?Thalassinoides isp. (Th)
de formed by com pac tion and patches of un de ter mined curly lumps pro duced by un known scav en ger (B) on sand stone bed sole, lo cal ity
8 (Żerkowice), pho tog ra phy July 2008; D – ir reg u lar pro jec tion of un de ter mined re liefs on sand stone bed sole, lo cal ity 9 (Rakowice
Małe), pho tog ra phy July 2007
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Fig. 31. Ophiomorpha, Thalassinoides and as so ci ated trace fos sils in the Czerna For ma tion

A, B – Ophiomorpha nodosa tun nel (ar row) with an ir reg u larly mud pel let-lined wall, lo cal ity 9 (Rakowice Małe), pho tog ra phy Au gust 2009 (A) 
Sep tem ber 2008 (B); C – highly bioturbated heterolithic de posit with Cylindrichnus isp. (Cy), Ophiomorpha nodosa (O) and Ophiomorpha
isp. (O’), same lo cal ity, pho tog ra phy Au gust 2009; D – poorly pre served Ophiomorpha ?nodosa (ar rows) in heavily bioturbated muddy sand -
stone, same lo cal ity and pho tog ra phy date; E – Ophiomorpha nodosa shaft (ar row) with ir reg u lar white muddy pelleted lin ing, lo cal ity 5
(Wartowice), pho tog ra phy Au gust 2011; F – Ophiomorpha annulata shaft (ar row) lined with elon gate pel lets rich in or ganic mat ter, lo cal ity 9
(Rakowice Małe), pho tog ra phy Sep tem ber 2008; G – Thalassinoides suevicus (Th) and Ophiomorpha nodosa (O) on lower sur face of thin
sand stone bed, same lo cal ity, pho tog ra phy Au gust 2009; H – Thalassinoides ?suevicus (ar row) in heavily bioturbated heterolithic de posit,
same lo cal ity and pho tog ra phy date; I – Thalassinoides suevicus (Th) and ?Thalassinoides suevicus show ing lo cal mud lin ing (Th’) in highly
bioturbated sand-dom i nated heterolithic de posit, same lo cal ity, pho tog ra phy May 2008; J – Thalassinoides suevicus (Th) and Chondrites
intricatus (Ch) in a car bo na ceous mudstone, same lo cal ity, pho tog ra phy May 2008



bioturbation style is in the over ly ing layer of coaly mudstone,
which is dom i nated by dis tinct, sand-built trace fos sils in clud ing
Chondrites intricatus in the basal part (Figs. 33F and 37B) and
– to wards the top – cross-cut by Asterosoma ludvigae (Fig. 33),
Thalassinoides isp. (Fig. 33) and Palaeophycus tubularis (Fig.
33E), listed in their se quence of mu tual cross-cut ting. A spe cific 
fea ture of the trace-fos sil as sem blage in the coaly mudstone is
oc cur rence of bur rows that show a Thalassinoides pat tern, but
are lined ir reg u larly with mudstone sim i lar to the host sed i ment
(Fig. 31I), which sug gests that the lin ing may have been formed
pas sively by the soil ing of tun nel walls through a mul ti ple tran sit
of the an i mal. There fore, such trace fos sils have been clas si fied 
as ?Thalassinoides suevicus. 

The over ly ing part of the CFm ex posed at lo cal ity 9, com -
posed of heterolithic de pos its fluc tu at ing be tween sand stone-
and mudstone-dom i nated and en clos ing wedges of low-an gle
strat i fied sand stone up to 30 cm thick, shows poorly pre served
trace fos sils in clud ing Asterosoma, ?Taenidium, ?Teichichnus,
Thalassinoides suevicus, Ophiomorpha nodosa, O. annulata,
?Planolites isp. and Palaeophycus isp. The sandy top most part
of the out crop sec tion shows Skolithos linearis and rare ?Are -
nico lites isp., as well as nu mer ous bi valve casts and im prints. 

A sub or di nate but char ac ter is tic fea ture of the CFm at lo cal -
ity 9 is the oc cur rence of Ophiomorpha with ex clu sively dark

grey to black lin ings com posed of dis persed, ir reg u lar, spiky
con i cal pel lets (cf. Pol lard et al., 1993; Pedersen and Bromley,
2006) and an un even sed i ment mass. In con trast to its form at
lo cal ity 5, the Ophiomorpha at lo cal ity 9 oc curs mainly as tun -
nels (gal ler ies). Bur row fill is lithologically vari able, mas sive,
spo rad i cally meniscate. Sin gle spec i mens of O. annulata also
oc cur. In the ear lier study (Leszczyński, 2010), Ophiomorpha
with ir reg u lar, pelleted mud lin ings was in ter preted as O.
irregulaire, but is herein re con sid ered as O. nodosa. 

DISCUSSION

LITHOFACIES RECORD OF ŻERKOWICE MB. 
SEDIMENTATION

Phys i cal sed i men tary struc tures of the ZMb sand stones in -
di cate a whole range of hy drau lic con di tions. The trough cross -
-strat i fi ca tion (3D dunes), pla nar cross-strat i fi ca tion (2D dunes), 
pla nar par al lel strat i fi ca tion (plane-bed trans port) and rip ple
cross-lam i na tion (rip ple marks) in di cate uni di rec tional cur rents
of lower to up per flow re gime (Harms et al., 1975, 1982; Allen,
1982). Dune foresets in di cate vari able palaeo current di rec tions, 
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Fig. 32. Trace fos sils in coal in the Nowogrodziec Mem ber of the Czerna For ma tion 

A – aff. Thalassinoides isp., lo cal ity 9 (Rakowice Małe), pho tog ra phy Au gust 2008; B – aff. Thalassinoides isp., same lo cal ity and pho -
tog ra phy date; C – highly com pacted maze of Thalassinoides suevicus, same lo cal ity, pho tog ra phy Au gust 2009; D – tax o nom i cally un -
de ter mined obliquely lamellated struc ture (ar row) un clearly as so ci ated with Thalassinoides-like bur rows, same lo cal ity
and pho tog ra phy date



partly re vers ing, ori ented mainly to wards the NW and SE, which 
means par al lel to the ba sin axis. The ev i dence of cur rent re ver -
sals sup ports the no tion of tidal cur rents (Bassyouni, 1984),
which in the ba sin’s lit to ral en vi ron ment com bined prob a bly with 
sed i ment drift by along shore cur rents. Piles of ver ti cally stacked 
dune cross-sets, sev eral metres thick and with re ac ti va tion sur -
faces, are thought to rep re sent lon gi tu di nal tidal bars (cf. Allen,
1982; Longhitano and Nemec, 2005; Messina et al., 2014).
Large iso lated sets of pla nar cross-strata, a few metres thick,

are prob a bly trans verse tidal bars (cf. Allen, 1982). Oc ca sional
claystone, mudstone or siltstone drapes be tween cross-strata
sets, as well as the thin interbeds of mud-draped rip ple cross -
-lam i na tion at the scoop-shaped bases of trough cross-sets, in -
di cate sus pen sion fall out in the hy drau lic shadow of high-re lief
bedforms.

Wedges of basinwards-in clined low-an gle pla nar par al lel
strat i fi ca tion rep re sent ep i sodic en croach ment of fore shore
swash zone and some wave-worked mouth bars of a shoal-wa -

802 Stanisław Leszczyński

Fig. 33. Asterosoma ludvigae and as so ci ated trace fos sils in the Nowogrodziec Mem ber of the Czerna For ma tion

Plane views (A–E) and ver ti cal sec tion (F) of a com bined Asterosoma-Thalassinoides-Chondrites ichnofabric in car bo na ceous
mudstones, in clud ing ?Asterosoma isp. (As), Chondrites intricatus (Ch), Palaeophycus ?tubularis (Pa), ?Palaeophycus heberti (Ph),
Planolites isp. (Pl), ?Taenidium crassum (Ti) and Thalassinoides isp. (Th); coin di am e ter (scale) is 1.5 cm, lo cal ity 9 (Rakowice Małe),
pho to graphy May 2008



ter delta (cf. Ilgar and Nemec, 2005; Leszczyński and Nemec,
2015). Plane-par al lel strat i fi ca tion in ter ca lated with sym met ri cal 
and asym met ri cal rip ple cross-lam i na tion (2D wave rip ples)
rep re sents the up per shoreface zone (cf. Komar and Miller,
1975; Harms et al., 1982), with the as so ci ated sol i tary sets of
pla nar cross-strat i fi ca tion in ter preted as long shore bars (cf.
Allen, 1982). Mas sive sand stones, if not ho mog e nized by bio -
turbation, are prob a bly a re sult of sed i ment liq ue fac tion – per -
haps in situ, with out dis place ment, where lack ing a sharp base.
Sharp-based, thin ner and nor mal-graded sand stone beds may
rep re sent liq ue fied grav ity flows de rived from large bedform col -
lapses or be a prod uct of the fall out of tran sient sand sus pen -
sion clouds gen er ated by storm events. Ev i dence of hydro -
plastically folded cross-strata sup ports the no tion of large
bedform mor pho log i cal in sta bil ity and pos si ble col lapses. 

Taken to gether, the lithofacies of the ZMb in di cate lit to ral
sed i men ta tion in a ba sin-wide shoreface en vi ron ment, with tidal 
bars formed at the ba sin axis and with an ep i sodic en croach -
ment of the fore shore zone and shoal-wa ter deltaic mouth bars. 
Deltaic de pos its oc cur in the high est part of the ZMb at lo cal i ties 
1B, 5 and 12, ap par ently mark ing the fi nal stage of the
mid-Coniacian re gres sive phase in the ba sin. The shin gled len -
tic u lar mouth-bar bod ies, more than hun dred metres wide, are

lo cally topped with de pos its of distributary chan nels and veg e -
tated interchannel ar eas. Be cause of their sig nif i cant ad mix ture
of coarse sand, these deltaic sand stones at lo cal ity 5 are in -
cluded in the mine ter mi nol ogy to the over ly ing CFm, but are
herein con sid ered an in te gral part of the re gres sive ZMb suc -
ces sion.

The lithosome of mouth-bar sand stones at lo cal i ties 1B and
5 (see Fig. 7A, at ~11 m) is sep a rated from the un der ly ing sand -
stones by a pack age of mudstones or mudstone-dom i nated
heterolithic de pos its, up to 60 cm thick. The top of the un der ly -
ing sand stones is com pletely bioturbated, with a high con cen -
tra tion of Ophiomorpha de creas ing up wards and over printed by 
plant roots. The ev i dence sug gests an ep i sode of sed i men ta -
tion in a tran sient backshore la goon, prob a bly shel tered by
beach-ridge growth and ul ti mately emerged. This unique lo cal
re cord of short-term shore line shifts in di cates a stepwise na ture 
of the bulk re gres sion, as the emerged la goon area must have
been drowned for the delta progradation to oc cur. 

Thick cosets of dune-scale cross-strat i fi ca tion in out crops
1C and 1D, in ter preted as large tidal bars, are in the area di -
rectly out side a hy po thet i cal strait – be tween the East Sudetic
and West Sudetic is lands – which at the time of ZMb sed i men -
ta tion was still con nect ing the North Sudetic Ba sin with the
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Fig. 34. Ichnofabric in com pletely bioturbated heterolithic de pos its of the Nowogrodziec Mem ber 
of the Czerna For ma tion, re cord ing mass oc cur rence of spreited and lam i nated trace fos sils

 (Teichichnus isp., Asterosoma isp. and Cylindrichnus isp.)

Ver ti cal out crop sec tions show ing: A – ichnofabric dom i nated by ?Teichichnus isp. (Te) and ?Asterosoma isp. (As), lo cal ity 9
(Rakowice Małe), pho tog ra phy Au gust 2009; B – ?Asterosoma isp. (As), Cylindrichnus isp. (Cy) and ?Teichichnus isp. (Te), same lo -
cal ity, pho tog ra phy July 2007; C – ichnofabric dom i nated by ?Teichichnus isp., scale black and white bars are 1 cm, same lo cal ity and
pho tog ra phy date; D – ?Teichichnus isp. (ar rows), same lo cal ity, pho tog ra phy Au gust 2009 



realm of the Intrasudetic and Bo he mian bas ins to the south (cf.
Milewicz, 1997; Voigt et al., 2008). The strait con fine ment
would greatly en hance tidal cur rents, which might ex plain the
de vel op ment of prom i nent tidal bars. One di rec tion of dune
trans port would likely dom i nate in such a set ting, while the pe -
ren nial ac tion of waves would keep the mud sus pen sion afloat
and pre vent for ma tion of mud drapes on dune foresets (cf.
Longhitano and Nemec, 2005). No rel ics of the strait-fill de pos -
its are pre served to day, but one might spec u late that as the
strait be came emerged by the mid-Coniacian re gres sion, it
prob a bly turned into a val ley with a flu vial sys tem that formed a
shoal-wa ter delta in the study area. 

A marked im pact of tides has been well-doc u mented in the
Turonian de pos its of the Bo he mian Ba sin by Mitch ell et al.
(2010), with a cur sory con sid er ation of the North Sudetic Ba sin.
Es ti mates from the Im pe rial Col lege Ocean Model (Mitch ell et
al., 2010) have pre dicted oc cur rence of a microtidal to meso -
tidal re gime in the Bo he mian Ba sin, with in creased bed-shear
stress of tidal cur rents in lo cal embayments and straits. Sim i lar
con di tions might be ex pected in the Coniacian North Sudetic
Ba sin, where ba sin elon ga tion would also con sid er able en -
hance tidal cur rents. 

TRACE-FOSSIL RECORD OF ŻERKOWICE MB.
SEDIMENTATION

The trace-fos sil as sem blages and dis tri bu tion of bio tur -
bation struc tures in the ZMb pro vide sig nif i cant ad di tional in for -
ma tion on the Coniacian palaeoenvironment and sed i men ta tion 
con di tions in the North Sudetic Ba sin. The er ratic oc cur rence of
bioturbation struc tures and dom i nance of non-bioturbated
sand stones in di cates that the sand de po si tion was gen er ally
fast, and too vig or ous for the seafloor to be ex ten sively col o -
nized by benthos (cf. Reineck and Singh, 1980; Mŕngano and
Buatois, 2004), and that the bioturbation oc curred only oc ca -
sion ally and in lim ited ar eas. The oc cur rence of bioturbation
struc tures mainly at sand stone bed sharp bound aries, or in the
top parts of a bed over lain by mudstone, claystone or hetero -
lithic de pos its, in di cates a spe cific type of nar row, short-lived
col o ni za tion win dows: the top sur faces of fron tally mi grat ing
bedforms, such as dunes and bars; the shel tered fore front ar -
eas of the bedforms hy drau lic shadow, where also sparse lo cal
de po si tion of mud oc curred; and the low-en ergy bot tom ar eas
cre ated by ep i sodes of rel a tive sea-level rise or shel tered as a
lo cal tran sient la goon (cf. Pol lard et al., 1993; Bromley, 1996;
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Fig. 35. Trace fos sils in ver ti cal sec tions of bioturbated heterolithic de pos its above the basal coal bed 
in the Nowogrodziec Mem ber of the Czerna For ma tion at lo cal ity 9 (Rakowice Małe)

A – ?Palaeophycus isp. (Pa) and ?Planolites isp. (Pl), pho tog ra phy Au gust 2009; B – ?Palaeophycus isp. (ar row), pho tog ra phy May
2008; C – ?Palaeophycus heberti (Ph) and ?Phycodes palmatum (Py), same pho tog ra phy date; D – ?Palaeophycus heberti (Ph) and
?Palaeophycus isp. (Pa), same pho tog ra phy date; E – ?Palaeophycus isp. (Pa) and ?Planolites isp. (Pl), same pho tog ra phy date May;
F – ?Planolites isp. (ar rows), pho tog ra phy Sep tem ber 2009; G – Skolithos linearis (ac cen tu ated by dashed out lines and some also in di -
cated by ar rows) fragmentarily pre served in a heavily bioturbated sand stone, pho tog ra phy Au gust 2009



Tay lor et al., 2003; Tonkin, 2012). The lim ited lat eral ex tent of
the fa vour able ar eas may ex plain the patch i ness and lat eral
dis con ti nu ity of bioturbation ho ri zons. The punc tu ated dis tri bu -
tion of in di vid ual ichnotaxa may re flect a punc tu ated oc cur rence 
of their pro duc ers on the seafloor (Morrisey et al., 1992; Buatois 
and Mŕngano, 2011). 

The short est and rel a tively brief col o ni za tion win dows are
rep re sented by the rare bioturbation struc tures at sand stone
bed bound aries. Such cases are most com mon at lo cal i ties 6
and 8, in as so ci a tion with large-scale cross-strat i fied and mas -
sive sand stone beds. The bioturbated bound aries of cross -
-strata sets are of ten rip pled, which im plies weak sand trans -
port, and do not show Ophiomorpha. The lat ter, ex cept for lo -
cal ity 11, is rarely en coun tered and oc curs mainly as sin gle
spec i mens at the deeper, least bur rowed level of in ten sively
bioturbated beds. At lo cal i ties 5 and 12, the most abun dant
Ophiomorpha was found 1.5–2.5 m be low the com pletely bio -
turbated top of sand stone over lain by mudstone and hetero -
lithic de pos its up to 60 cm thick. The ben thic pro duc ers of
Ophiomorpha there seem to have taken ad van tage of the short
la cuna be tween the de po si tion of sand and the on set of muddy
sed i men ta tion. At lo cal ity 11, for com par i son, the ex ten sive dis -

tri bu tion of Ophiomorpha oc curred in the lo cal tran sient en vi ron -
ment with low wa ter en ergy and a suit ably low rate of er ratic
sed i men ta tion. Ophiomorpha is a deep-tier bur row formed in
sandy sub strate by pro longed an i mal ac tiv ity, and there fore ar -
chi tec tur ally elab o rate, con structed slowly and re quir ing an ap -
pro pri ately long col o ni za tion win dow. The col o ni za tion win dows
in the pres ent case were ap par ently too short for the Ophio -
morpha pro duc ers to thrive, al low ing them lit tle more than to
bur row the sub strate by a sin gle op er a tion of feed ing, crawl ing,
graz ing or dwell ing. For ex am ple, the mi gra tion of tidal dunes
and bars is in cre men tal and their top sur faces are rel a tively sta -
ble (Middle ton and Southard, 1978; Dabrio and Polo, 1981;
Allen, 1984), thereby po ten tially prone to bioturbation (Jumars
and Nowell, 1984) and also of fer ing a fair to good trace-fos sil
pres er va tion. The scar city of Ophiomorpha at these sur faces in -
di cates the time win dows for ben thic col o ni za tion were gen er -
ally too short. On the other hand, the scar city of mud drapes in
the dune cross-strata in di cates that mud was kept pe ren ni ally in 
sus pen sion (cf. Longhitano and Nemec, 2005), which would im -
ply a per sis tently high tur bid ity of wa ter. These con di tions might
have dis fa voured sus pen sion-feed ers and fa voured de posit -
-feed ers (Rhoads et al., 1972; Rhoads, 1973; Buatois and
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Fig. 36. Other trace fos sils in ver ti cal sec tions of bioturbated heterolithic de pos its above the basal coal bed 
in the Nowogrodziec Mem ber of the Czerna For ma tion at lo cal ity 9 (Rakowice Małe)

A – Cylindrichnus concentricus (ar row) in sand stone-dom i nated heterolithic de posit, pho tog ra phy Sep tem ber 2008; B – bed ding
oblique and nearly hor i zon tal Cylindrichnus concentricus bur rows (ar rows) in sand stone-dom i nated heterolithic de posit, pho tog ra phy
May 2008; C – nearly hor i zon tal Cylindrichnus concentricus (Cy) and ?Palaeophycus heberti (Ph) in mudstone-dom i nated heterolithic
de posit, pho tog ra phy July 2008; D – ?Cylindrichnus isp. (ar row) in a com pletely bioturbated heterolithic de posit, pho tog ra phy Sep tem -
ber 2008; E – clus ter of aff. Macaronichnus isp. (ar row) in mudstone-dom i nated heterolithic de posit, pho tog ra phy July 2008; F – bed -
ding-oblique ?Rosselia isp. B (ar row) in mudstone-dom i nated heterolithic de posit, pho tog ra phy July 2008



López-Angriman, 1992; Ranger and Pem ber ton, 1992; Gingras 
et al., 2007). 

As a broader im pli ca tion, the out crop lo cal i ties where the
ZM de pos its show least bioturbation – such as lo cal i ties 1, 9
and 12 (the lat ter with only one richly bur rowed ho ri zon) – can
be con sid ered as rep re sent ing ba sin ar eas with the high est
near-bot tom en ergy of wa ter, prob a bly due to tidal cur rents,
waves and/or along shore cur rents. For ex am ple, the Ophio -
morpha bur rows at lo cal ity 1 are rare and pre dom i nantly ver ti -
cal, re flect ing a sub strate of lit tle sta bil ity, al though still ac ces si -
ble for colo nis ation by infauna (Howard, 1971, 1975). In con -
trast, out crop lo cal i ties show ing ex ten sive ver ti cal dis tri bu tion of 
Ophiomorpha – ex em pli fied by lo cal ity 11 – are con sid ered to
rep re sent ar eas with the low est near-bot tom en ergy, which may 
mean a rel a tively weak or er ratic ac tion of waves and cur rents. 

The bioturbation struc tures in the ZMb de pos its are gen er -
ally con sis tent with their host lithofacies. This per tains par tic u -
larly to sand stone endichnia, which are rep re sented mainly by
ophiomorphids (Seilacher, 2007), most no ta bly Ophiomorpha
nodosa, as the most pro nounced elite trace fos sils. This is a
typ i cal ichnotaxon of deeper-tier trace fos sils in shoreface
sands, es pe cially in the mid dle shoreface zone (Frey et al.,
1978; Pol lard et al., 1993; Seilacher, 2007; Knaust and Brom -
ley, 2012). The shal low tiers, in clud ing epichnia, con sist of
ichnotaxa char ac ter is tic of a wider spec trum of en vi ron ments,

in clud ing the whole shoreface and out to the up per off shore
zone. Ichnotaxa char ac ter is tic of low bot tom en ergy, such as
Thalassinoides, are most fre quent in this as sem blage. 

Howard (1971, 1975) and other au thors have noted that the
Ophiomorpha sys tems tend to shift from pre dom i nantly hor i -
zon tal to ver ti cal as the bot tom en ergy level in creases. Such a
change may ac com pany, for ex am ple, the re gres sive progra -
dation of the mid dle shoreface onto the lower shoreface. Ac -
cord ingly, the pre dom i nance of hor i zon tal ophiomorphs in ho ri -
zons of their high est con cen tra tions at lo cal i ties 5, 11 and 12
may be con sid ered as re cord ing rel a tively low-en ergy con di -
tions in these ar eas at the time of the bioturbation. The no tion of
lower shoreface con di tions for hor i zon tal Ophiomorpha bur row -
ing seems to be true at lo cal ity 11, whereas the low-en ergy con -
di tions for such bur row ing at the two other lo cal i ties was due to
a tran sient backbeach la goonal en vi ron ment (see pre vi ous sec -
tion). 

As a whole, the trace-fos sil as sem blage of the ZMb com -
prises ichnotaxa char ac ter is tic of the Skolithos Ichnofacies and
the Cruziana Ichnofacies (Seilacher, 1963, 1967; Buatois and
Mángano, 2011; Pem ber ton et al., 2012). The for mer, rec og -
nized al ready by Leszczyński (2010), is rep re sented by the
most nu mer ous bur rows Ophiomorpha nodosa and sub or di -
nate sol i tary oc cur rences of Diplocraterion, Rosselia and
Macaronichnus. The ichnofacies flag ichnogenus Skolithos, as
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Fig. 37. Trace fos sils in the Czerna For ma tion at lo cal ity 9 (Rakowice Małe) 

A – Arenicolites sparsus (ar row) in mudstone-dom i nated heterolithic de posit, pho tog ra phy May 2017; B – bed ding-plane view of
Chondrites intricatus in car bo na ceous mudstone, pho tog ra phy May 2008; C – Helminthopsis abeli (He) and cf. Thalassinoides suevicus
(Ts) with faint meniscate infill on the sole of sandy siltstone, pho tog ra phy Au gust 2009; D – Helminthopsis abeli (He) and
?Schaubcylindrichnus isp. (Sh) in ver ti cal sec tion of heterolithic de posit, pho tog ra phy May 2008



well as Arenicolites and Cylindrichnus, have not been found.
This im pov er ished Skolithos Ichnofacies in di cates an eco log i -
cally stressed en vi ron ment (cf. MacEachern et al., 2007a). The
na ture of this stress is un clear, as it could be due to the tur bid ity
of wa ter, high sed i men ta tion rate and/or pau city of nu tri ents. 

The Skolithos Ichnofacies is char ac ter is tic of mod er ately to
well-sorted, shift ing sandy sub strates with vari able rates of sed -
i men ta tion and ero sion and with nu tri ent mainly in sus pen sion
(An der son and Droser, 1998; MacEachern et al., 2012). It is
typ i cal of lower intertidal to shal low subtidal set tings and thrives
in mod er ate to high-en ergy con di tions of the sandy fore shore,
shoreface, tidal in lets and chan nels, sandy shoals and bars,
and also sandy deep-sea fans (Pol lard et al., 1993; Mac -
Eachern et al., 2012). The dom i nance of O. nodosa in the pres -
ent case sup ports the no tion of shoreface sed i men ta tion, which
is con sis tent with the host lithofacies. Fur ther more, the dis tri bu -
tion of O. nodosa sug gests that the sandy sub strate was mainly
too mo bile to be colo nised by Ophiomorpha pro duc ers. Sub -
strate in sta bil ity and pos si bly wa ter tur bid ity might also be re -
spon si ble for ab sence of other ichnotaxa char ac ter is tic of the
Skolithos Ichnofacies. 

The as sem blages of Thalassinoides and sol i tary or rare oc -
cur rences of other ichnotaxa on sur faces bound ing sand stone
beds are a re cord of the ac tiv ity of epibenthos and shal low-tier
endobenthos, spo rad i cally with sin gle Ophiomorpha bur rows,
and can be con sid ered as a prox i mal ex pres sion of the

Cruziana Ichnofacies. No ta bly, Thalassinoides oc curs on the
same bed ding sur face as other ichnotaxa or closely be low it.
The rec og ni tion of Thalassinoides bur rows de pended strongly
on the ac ces si bil ity of bed ding sur faces. There fore, these trace
fos sils were found mainly in quar ries with nu mer ous sand stone
blocks (lo cal i ties 5, 6 and 8) and as sin gle spec i mens in some
oth ers (e.g., lo cal i ties 1, 4 and 9) or were not found be cause of
the lack of ac ces si ble bed ding sur faces. The oc cur rence of
these bur rows on poorly to mod er ately bioturbated sur faces
draped with thin mud sug gests ep i sodes of low bot tom-wa ter
en ergy. The lack of Ophiomorpha in the sand stone be low could
have been caused by too high wa ter tur bid ity. The pro duc ers of
Thalassinoides, callianassid shrimps, are known to pre fer ar eas 
with a low sed i men ta tion rate (Müller, 1970), thereby cov ered
with fine-grained sed i ment. The Thallasinoides bur rows of ten
ap pear to have been de formed. These trace fos sils, formed on
mud-draped sand and made of a sandy mud, were ap par ently
sus cep ti ble to compactional fluidization and de for ma tion af ter
be ing cov ered by a thick sand. 

It is worth not ing that the Ophiomorpha bur rows in the ZMb
vary with re spect to the type of ma te rial form ing pel lets, the form 
and style of lin ing and the course pat tern. This vari abil ity may be 
due to the in volve ment of sev eral deca pod taxa (Weimer and
Hoyt, 1964), dif fer ing in the time span and style of sub strate ex -
ploi ta tion and in the avail able type of sed i ment for pel let pro duc -
tion. The con i cal and spiky shape of pel lets can be ex plained by
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Fig. 38. Bioturbation struc tures in heterolithic de pos its above the basal coal in the Nowogrodziec Mem ber 
of the Czerna For ma tion at lo cal ity 9 (Rakowice Małe) 

A – plan view of ?Taenidium baretti (ar row) in muddy sand stone, pho tog ra phy Au gust 2008; B – plan view of ?Taenidium baretti
(ar row) in muddy sand stone, pho tog ra phy July 2007; C – ver ti cal sec tion of ?Taenidium isp. A (ar row) in sandy mudstone, pho tog -

ra phy July 2008; D – ver ti cal sec tion of ?Taenidium isp. B (ar row) in muddy sand stone, pho tog ra phy Au gust 2009



the me chan i cal com pres sion of muddy pel lets dur ing the early
diagenetic com pac tion of sed i ment (Bromley and Pedersen,
2008; Boyd et al., 2012). The ir reg u lar mas sive lin ings in some
Ophiomorpha are ex clu sively those made of mud. 

The fre quently ob served im pov er ish ment of pel lets in Fe
ox ide/hy drox ide is con sid ered a con se quence of their orig i nal
con tent of un sta ble or ganic mat ter and hence a lower Eh than in 
the sur round ing sed i ment. In such con di tions, the dis solved Fe
would mi grate out of the pel lets to pre cip i tate as a halo around
the pel lets or the en tire bur row.

LITHOFACIES AND TRACE-FOSSIL RECORD OF THE LOWER
PART OF CZERNA FM.

The lithofacies and trace fos sils in the basal part of the CFm 
in di cate a no ta bly dif fer ent and more com plex depositional set -
ting than that of the un der ly ing ZMb. Sig nif i cant dif fer ences in
depositional con di tions are also re corded within and be tween
the three lon gest out crop sec tions of the CFm (lo cal i ties 5, 9
and 12). At these lo cal i ties, as well as at lo cal i ties 1 and 4 where 
only the basal part of CFm is pre served, the CFm sed i men ta -
tion com menced with clayey and muddy lithofacies in di cat ing
de po si tion in a low-en ergy la goonal or lac us trine set ting. This
en vi ron ment, ini tially stressed by an el e vated sa lin ity and def i cit 
of nu tri ents, might have been a shal low la goon left be hind by

the late mid-Coniacian re gres sion or a sys tem of backshore
ponds col lect ing rain wa ter drained from the emer gent sandy ar -
eas. A def i cit of nu tri ents is sug gested by the lack of rec og niz -
able bioturbation struc tures, whereas the white, or ange and red
colours of the claystones and mudstones in di cate well-aer ated
bot tom con di tions, un fa vour able for nu tri ent pro duc tion. Fresh -
wa ter con di tions pre vailed and the lake mar gins came lo cally to
host low veg e ta tion, as ev i denced by palaeosol at lo cal ity 5,
where also a thin lens of coal with drift wood frag ments had
formed.

These early-stage de pos its pass up wards into green ish -
-grey to grey mudstones and siltstones with plant-root traces
and thin coal lay ers, as ob served at lo cal i ties 5 and 9, which in -
di cates ces sa tion of nu tri ent def i cit and the lake trans for ma tion
into a marsh with tran sient peat bogs. At lo cal i ties 4 and 12, the
light col our early de pos its are over lain by dark grey to black
mudstones rich in tiny plant de tri tus, ap par ently washed from an 
ad ja cent marsh. The blackish de pos its sug gest poorly aer ated
to anoxic bot tom con di tions. At lo cal ity 1, in con trast, the muddy
lac us trine lithofacies are over lain by deltaic and pos si bly flu vial
de pos its, pre served there in the up per most part of the out crop
sec tion. 

Some what puz zling is the palaeogeographic con text of
these la goonal/lac us trine de pos its at lo cal i ties 4 and 12, as the
lat ter is close to the ba sin’s orig i nal mar gin, whereas the for mer
is 1.8 km basinwards from lo cal ity 5. It is pos si ble that the ma -
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Fig. 39. Un de ter mined trace fos sils in the low est part of the Czerna For ma tion at lo cal ity 12 (Osiecznica) 

A – enig matic branched 3D swirls (ar row) in clayey mudstone; B – enig matic 3D swirls (ar rows) in muddy sand stone; 
C – enig matic branched lumps (ar rows) in mudstone; D – bioturbational mot tling in clayey mudstone. All pho to graphs May 2017



rine re gres sion in south east ern part of the ba sin was leav ing
be hind a plain with la goon rel ics as shal low ponds, of which
some were con verted into backshore lakes faster than the oth -
ers were by lo cal rain wa ter drain age. The no tion of a relic la -
goon at lo cal ity 4 is sup ported by the pres ence of ex ten sive,
Nerinea-dom i nated shell lags at the top of the un der ly ing ZMb.
Like wise, the oc cur rence of tax o nom i cally un de ter mined min -
ute bioturbation struc tures in the low est part of the CFm suc -
ces sion at lo cal ity 12 (Fig. 39) in di cates dysaerobic, brack ish
pond-floor con di tions. The area and depth (i.e., vol ume) of the
backshore la goon rel ics and their lo ca tion with re spect to rain -
wa ter drain age might ren der the rate of their trans for ma tion into
fresh wa ter ponds highly var ied, with their sa lin ity de cline in hos -
pi ta ble to fauna. These con di tions would ex plain the faint signs
of mud bioturbation at some lo cal i ties and their vir tual lack at
the oth ers. 

The sub se quent sed i men ta tion showed ma jor dif fer ences
be tween the in di vid ual lo cal i ties. At lo cal ity 5, the peat bog en vi -
ron ment was drowned by the sea and an other phase of sed i -
men ta tion en sued in a low-en ergy, well-aer ated and nu tri ent -
-de void en vi ron ment, as re corded by a thin mudstone pack age
over ly ing the up per coal bed. Its grad ual up ward tran si tion
through heterolithic de pos its into a unit of cross-strat i fied sand -
stone in di cates en croach ment of a shoal-wa ter delta (cf. Olariu
and Bhattacharya, 2006). The oc cur rence of Ophiomorpha
nodosa in the mid dle part of the pack age and an ichnofabric
rem i nis cent of Thalassinoides at its com pletely bioturbated top
in di cate a re turn of ma rine realm in this area. Fur ther sed i men -
ta tion, rep re sented by de pos its in the poorly ac ces si ble up per -
most part of the out crop, seems to have oc curred in a delta -
-plain en vi ron ment. The low er most, fin ing-up wards sandy pac -
k age still bears Ophiomorpha in the lower part and shows
Thalassinoides-like ichnofabric at the com pletely bioturbated
top, which sug gests a ma rine-in flu enced and aban doned
mouth of a distributary chan nel. The cap ping mud-dom i nated
heterolithic de pos its lack trace fos sils and show a whit ish to red -
dish colouration, which sug gests sed i men ta tion in a bar ren,
low-en ergy en vi ron ment of interdistributary al lu vial floodplain. 

Some what sim i lar depositional con di tions are re corded at
lo cal ity 4, where the blackish mudstones pass up wards into a
thin pack age of heterolithic de pos its in creas ingly richer in sand
and over lain by poorly pre served sand stones. This coars en -
ing-up wards lithofacies suc ces sion sug gests de po si tion as a
prograding mouth bar of a shoal-wa ter delta.

A most in ter est ing va ri ety of sed i men ta tion oc curred above
the up per coal bed at lo cal ity 9, as ini tially re ported by
Leszczyński (2010). Bioturbation struc tures in the coal bed, par -
tic u larly Thalassinoides and Teredolites, to gether with the
plant-rooted seatearth be low the coal and the trace-fos sil as sem -
blage in the over ly ing heterolithic de pos its (with Astero soma,
Teichichnus, Palaeophycus, Cylindrichnus and Arenico lites), in -
di cate ma rine in va sion and a rapid trans for ma tion of the peat bog
en vi ron ment into a microtidal mar gin of a la goon grad u ally im -
pov er ished in sand sup ply by fur ther drown ing. The oc cur rence
of Teredolites clavatus at the coal-bed top in di cates in cur sion of
ma rine wa ters di rectly onto the peat bog sur face, as this trace
fos sil, formed in wood, is pro duced by or gan isms not tol er at ing
fresh wa ter and re stricted to en vi ron ments with a sa lin ity rang ing
from brack ish to fully ma rine (Bromley et al., 1984; Savrda, 1991; 
Savrda et al., 1993). The trace-fos sil suite in the coal bed rep re -
sents the ar che typal Teredolites Ichnofacies (see Gingras et al.,
2004; MacEachern et al., 2007a; Buatois and Mágnano, 2011),
of which Thalassinoides is a rare but per sis tent com po nent
(Gingras et al., 2002; MacEachern et al., 2007a).

Sed i men ta tion of the over ly ing heterolithic de pos its at lo cal -
ity 9 oc curred in a shal low subtidal la goon en vi ron ment, as in di -

cated by the fine-grained de pos its, their in tense bioturbation by
an im pov er ished Cruziana Ichnofacies lack ing open-ma rine
ichnofossils such as Rhizocorallium, the ab sence of shelly
fauna and the lack of tempestites. The com plete bioturbation of
the sand-dom i nated lower part of these de pos its im plies eco -
log i cal con di tions ex cep tion ally fa vour able to ben thic fauna, al -
beit in a stressed en vi ron ment with an im pov er ished Cruziana
Ichnofacies in its prox i mal ex pres sion (MacEachern et al.,
2007b). The grad ual up ward de cline of sand con tent, de crease
of bioturbation in ten sity, dis ap pear ance of large bur rows (such
as Palaeophycus isp., Thalassinoides, Asterosoma and Teichi -
chnus) and ex pan sion of di min u tive ver mi form bur rows sug gest 
de vel op ment of en vi ron men tal stress due to sa lin ity re duc tion
and pos si bly a de crease of bot tom-wa ter ox y gen a tion (cf.
MacEachern et al., 2007b; Hauck et al., 2009; Leszczyński,
2010; Gingras and MacEachern, 2012). The most prob a ble
cause of this up ward change might have been an in creas ing
iso la tion of the area from the open sea by a re gres sive sand
bar rier. The over ly ing pack age of dark grey to green ish mud -
stones, lack ing both rec og niz able trace fos sils and body fos sils
and bear ing sev eral clay iron stone (sid er ite) ho ri zons, in di cates
de po si tion in a stressed en vi ron ment of low wa ter en ergy, re -
duced sa lin ity and ox y gen a tion, and pos si bly in creased tur bid ity 
(cf. MacEachern and Pem ber ton, 1992; MacEachern et al.,
1999). 

The top most part of the suc ces sion pre served at lo cal ity 9
com prises a thin bed of coaly mudstone over lain by sand -
stone-dom i nated heterolithic de pos its. The mudstone shows an 
up wards-in creas ing bioturbation in ten sity with a com plex
trace-fos sil as sem blage of cross-cut ting ichnotaxa in dic a tive of
ben thic an oxia. The sub se quent in crease of sand sup ply was
prob a bly ac com pa nied by an in creased aer a tion of bot tom wa -
ter, which caused pen e tra tion of the or ganic-rich mud by an i -
mals whose ox y gen needs be came sat is fied. Chondrites was
the first to ap pear, fol lowed by Asterosoma and Thalassinoides. 
The ap pear ance of Chondrites sug gests an in crease of wa ter
sa lin ity, ap par ently due to an im proved con nec tion of this area
with the open sea. The coaly mudstone in di cates bot tom wa ter
stag na tion and is con sid ered to rep re sent max i mum flood ing
(Leszczyński, 2010), whereas the re sump tion of sand sup ply
prob a bly re flects an early shoreface re-ad vance with the on set
of the mid-Coniacian nor mal re gres sion (Fig. 3). 

In sum mary, the sed i men tary suc ces sion at lo cal ity 9 – with
its pat tern of coars en ing-up wards lithofacies pack ages, an im -
pov er ished Cruziana Ichnofacies in the lower part and a dis tal
ex pres sion Skolithos Ichnofacies (sensu MacEachern et al.,
2007a) at the top – in di cates shoreface progradation punc tu -
ated by ep i sodic rises of rel a tive sea-level. Rel a tively high
bioturbation in ten sity and rich brack ish fauna (see Milewicz,
1965, 1970) in di cate de po si tion in a low- to high-en ergy en vi -
ron ment richly sup plied with nu tri ent, per haps due to fresh wa ter 
in put. Rich plant de tri tus in fine-grained de pos its sug gest a pos -
si ble interdistributary bay of a deltaic sys tem (Leszczyński,
2010). Shell lags might have been spread by storm events.
Sand stone wedges with low-an gle par al lel strat i fi ca tion may
rep re sent mi nor mouth bars (Elliott, 1974), which means splays
emplaced side ways into the embayment by delta distributary
sys tem dur ing ma jor floods. 

At lo cal i ties 4 and 12, the blackish mudstones of ZMb pass
up wards into a thin unit (0.7 m) of coars en ing-up wards hetero -
lithic de pos its over lain by a prom i nent sand stone unit that is
more than 2 m thick (top un cer tain) at the for mer lo cal ity and ~3
m thick (with sharp top) at the lat ter lo cal ity. Thin, curved, white
mud-filled ver ti cal struc tures at the sand stone top at lo cal ity 12
are rem i nis cent of plant-root traces and sug gests emer gence.
The coars en ing-up wards suc ces sion at these lo cal i ties in di -
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cates rapid shallowing due to the progradation of ei ther a
shoreface with a veg e tated backbeach area or a shoal-wa ter
delta with a veg e tated top plain. The small thick ness of the suc -
ces sion and the rapid up ward tran si tion from mudstone to
sand stone in di cate rapid progradation, which is con sis tent with
the no tion of shoal wa ter. This re gres sive suc ces sion at lo cal ity
12 is over lain by an other coars en ing-up wards suc ces sion of a
thicker mudstone unit (6.5 m) over lain by heterolithic de pos its
(0.5 m) and sand stone unit (4 m), in di cat ing a new cy cle of
drown ing and progradation. The sand stone has a sharp top and 
is over lain by a unit of dark grey mudstones, 1.1 m thick, cov -
ered erosionally by Pleis to cene de pos its. The mudstone units
are a re cord of ma rine drown ing and ap par ently rep re sent a
rapid trans for ma tion of a tran sient coastal flat, lo cally veg e -
tated, into an ex ten sive shal low la goon. No fea tures in dic a tive
of open-ma rine sed i men ta tion have been rec og nized. The
short -term transgressive-re gres sive cyclothems sup port fur ther 
the no tion of a punc tu ated na ture of the mid-Coniacian re gres -
sion in the ba sin. 

PALAEOGEOGRAPHIC IMPLICATIONS

The depositional palaeoenvironments rec og nized in the
Coniacian suc ces sion in the south west ern part of the North
Sudetic Synclinorium show great lat eral vari a tion and fre quent
strati graphic changes, which points to the palaeogeographic
com plex ity of the shal low-ma rine ba sin and its high sen si tiv ity to 
sea-level fluc tu a tions. Sed i men ta tion of the ZMb oc curred at
the out let of a strait (Fig. 40A) con nect ing the North Sudetic Ba -
sin with the Intrasudetic Ba sin and with the Bo he mian Ba sin far -
ther to the south-east (cf. Milewicz, 1997; Voigt et al., 2008).
The strait con fine ment and ba sin elon ga tion en hanced tidal
cur rents, whereby the in ter preted tidal sand bars formed at the
ba sin axis in a shoreface en vi ron ment that ex tended from both
of the ba sin flanks. The ac cu mu la tion of sed i ments and shore -
line ad vance drove a nor mal re gres sion, which turned into a
forced re gres sion when the rate of sea-level fall out paced the
rate of ba sin sub si dence. The shal low strait was emerged and
its sed i ments eroded, while the shrunken ba sin be came sur -
rounded by la goonal coastal plains and lo cal shoal-wa ter del tas 
(Fig. 40B). The ma rine sed i men ta tion of ZMb in the study area
ended as the sea re treated to the north-west, the coastal plains
merged – host ing stag nant fresh wa ter ponds and marshes –
and an ex ten sive ero sion oc curred (Fig. 40C). A re sult was the
late mid-Coniacian hi a tus (Fig. 3). The ab so lute depth of ero -
sion is un known, but the hi a tus in creases to wards the ba sin
mar gins, par tic u larly to the south-east (Milewicz, 1997). The
eroded sed i ment ac cu mu lated as a lowstand sys tem in the un -
ex posed north west ern part of the ba sin, where ma rine sed i -
men ta tion con tin ued (Fig. 40C), as in di cated by bore holes
N-14, N-26 (Bossowski et al., 1976; Bossowski, 1991a), N-27
(Bossowski et al., 1977), Jagodzin 1 (Marciński, 1970) and
Węgliniec IG 1 (Milewicz, 1966, 1997). It is pos si ble that the
lowstand in cluded for ma tion of an ex ten sive tran sient coastal
lake or sa lin ity-los ing la goon (Fig. 40C), as in ferred from the
pack age of grey ish white and or ange to red dish claystones and
mudstones, sev eral metres thick, at the top of the ZMb (Mile -
wicz, 1965; Leszczyński, 2010). If this in fer ence is cor rect, only
rel ics of this lake/la goon re mained af ter ero sion, whereas the
cor re spond ing coastal bar rier to the north-west would now be
bur ied in the un ex posed co eval part of the ba sin. An oc cur rence 
of siltstone with plant-root traces (palaeosol) 5.9 m above the
nom i nal top of ZMb in borhole Z-4 near the ba sin axis in di cates

that this area re mained emerged for a short time even af ter the
in fill ing of a hy po thet i cal lake. 

The sand stones and lac us trine pelitic de pos its at the ZMb
top are sharply over lain by the transgressive ma rine de pos its of
the basal CFm. The coastal plain, as an ex ten sive flat area, was 
drowned rap idly by the sea ex pan sion to wards the south-east
(Fig. 40D) and the trans gres sion was in sig nif i cantly diachro -
nous. Typ i cal ma rine and brack ish ichnofossils oc cur in the up -
per coal bed at lo cal ity 9, di rectly above it at lo cal ity 5 and above 
the palaeosol in well Z-4. The ba sin flanks were also in ev i ta bly
drowned, but lit tle of the transgressive re cord there is pres ently
pre served af ter the ba sin’s tec tonic in ver sion and trans for ma -
tion into a synclinorium. Bar rier-shel tered la goons formed lo -
cally on the flanks, as shown by the co eval la goonal de pos its at
lo cal ity 12. In its south-east ex tent, the trans gres sion reached at 
least lo cal ity 5, but it re mains un clear from the CFm rel ics if
there were any nar row embayments reach ing far ther in this di -
rec tion. There is no ev i dence of ma rine de pos its in the lower
CFm de pos its pre served at lo cal ity 1.

It seems that the late Coniacian trans gres sion had quickly
es tab lished its land ward limit and then pro ceeded un til the early
Santonian with lit tle ex pan sion of the ma rine area and with
shore line aggradation, rather than sig nif i cant fur ther re treat
(Fig. 3; Milewicz, 1997; Walaszczyk, 2008). The trans gres sion
was fol lowed by a nor mal re gres sion punc tu ated by ma rine in -
cur sions (Fig. 3). The ev i dence from out crops and bore holes in -
di cates that the nor mal-re gres sive sys tems tract in volved
shoal -wa ter del tas, built mainly by a flu vial sys tem drain ing the
emerged for mer strait area, while the abrupt ma rine in va sions
were form ing tran sient interdistributary bays and shal low
coastal la goons. The higher part of the CFm, not cov ered by the 
pres ent study, shows ev i dence of con tin ued la goonal-deltaic
sed i men ta tion fol lowed by flu vial sed i men ta tion in the mid dle to
late Santonian (Milewicz, 1965, 1970, 1997, 2006; Alexandro -
wicz, 1976; Górniak, 1986).

The basinal palaeogeographic changes, re corded as lo cal
changes in en vi ron men tal con di tions, were clearly driven by
small and large fluc tu a tions of the ba sin bathymetry, but the ex -
act cause of these lat ter is un clear be cause both eustatic and
tec tonic forc ing could be in volved. The ba sin’s suc ces sion of
transgressive and re gres sive trends is only roughly com pa ra ble 
to that in the neigh bour ing Bo he mian Ba sin to the south-east,
where some eustatic in flu ences have been in ferred (Nádaskay
and Uličný, 2014). The Cenomanian–Santonian suc ces sion in
the North Sudetic Ba sin (Fig. 3) seems to re flect broadly the
eustatic changes pos tu lated by Haq (2014: fig. 3). The mid-
 Cenomanian to ear li est Turonian stepwise trans gres sion in the
ba sin (Fig. 3) cor re sponds to the sea-level rise KCe3–KTu2
(Haq’s no ta tion) of a 2 nd-or der eustatic cy cle. The early
Turonian–Coniacian re gres sive trend in the ba sin, in ter rupted
by a late Turonian short-term trans gres sion (Fig. 3), may be an
echo of the 2 nd-or der eustatic fall KTu2–KSa1 and its com po -
nent 3 rd-or der ma jor fluc tu a tions, such as the late Turonian
event KTu4–5 with a bathymetric am pli tude >50 m. The end -
-Coniacian trans gres sion fol lowed early to mid dle Santonian re -
gres sion in the ba sin (Fig. 3) might only be linked to 3rd-or der
eustatic fluc tu a tions (such as event KSa1–3), as the global
2nd-or der trend had sta bi lized at that time (Haq, 2014: fig. 3). In
sum mary, the ba sin’s bathymetric changes might broadly re -
flect a com bi na tion of 2nd- and 3rd-or der eustatic cy cles, ob -
scured to some ex tent by the fluc tu a tions in sed i ment sup ply
driven in trin si cally by palaeogeographic changes and by the
short-term transgressive–re gres sive cy cles re corded as litho -
facies pack ages <10 m thick.
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On the other hand, the ba sin was an ac tively sub sid ing
synclinal trough and was about to be tec toni cally in verted as a
synclinorium by the Al pine orog eny, which means that a tec -
tonic forc ing may have played a sig nif i cant role in intrabasinal
bathymetric changes and in ob scur ing their eustatic sig nal (cf.
Richardt and Wilmsen, 2013; Nádaskay and Ulièný, 2014). The
short-term transgressive–re gres sive cy cles in the ba sin are at -
trib uted to pulses of its in cre men tal sub si dence, and it also can -
not be pre cluded that the late Coniacian forced re gres sion was
a first sign of compressional tec tonic up lift in the area sep a rat -
ing the North Sudetic and Intrasudetic bas ins.

CONCLUSIONS

· Lithofacies and ichnofossils of the mid dle to late Coniacian 
de pos its in the south east ern part of the North Sudetic Synclino -
rium in di cate a wide range of shal low ma rine, deltaic and tran -
sient la goonal, lac us trine and paludine palaeoenvironments,
with a strati graphic re cord of shore line shifts and grad ual to
rapid palaeogeographic changes. Trace fos sils form a high-di -
ver sity as sem blage of a stressed ex pres sion of the Skolithos
Ichnofacies, dom i nated by Ophiomorpha nodosa, and a prox i -

In te grated sedimentological and ichnological study of the Coniacian sed i men ta tion in North Sudetic Ba sin, SW Po land 811

Fig. 40. Sche matic in ter pre ta tion of the palaeogeographic de vel op ment in the study area 

Hy po thet i cal in ter pre ta tion based on the pres ent study and ear lier pub lished sug ges tions, with chronostratigraphy af ter Walaszczyk
(2008). A – Stage 1 (early Conician): ma rine sed i men ta tion of the ¯erkowice Mem ber, strongly in flu enced by tidal cur rents en hanced
by the strait con fine ment; B – Stage 2 (early mid dle Coniacian): nor mal re gres sion leads to ex ten sive la goonal and lac us trine/paludine
sed i men ta tion in the up per most part of the ¯erkowice Mem ber; C – Stage 3 (late mid dle Coniacian): forced re gres sion causes ex pan -
sion of a stag nat ing ter res trial plain with relic la goons, fresh wa ter lakes and peat-form ing mires and with ex ten sive flu vial ero sion,
which re sults in a non-depositional/ero sional hi a tus in the south east ern part of the ba sin; D – Stage 4 (late Coniacian): rapid ma rine
trans gres sion oc curs, non-de po si tion in broad paludine ar eas but form ing lo cal bar rier-shel tered la goons on ba sin flanks, caus ing the
on set of Czerna For ma tion sed i men ta tion; the trans gres sion turned into a nor mal re gres sion in the late early Santonian (Fig. 3)



mal to dis tal ex pres sion of the Cruziana Ichnofacies, in clud ing
Thalassinoides and rare spec i mens of di verse other ichnotaxa.
Ichnological ev i dence sup ports and sup ple ments sedimento -
logical palaeoenvironmental in ter pre ta tions.

· Lithofacies of the mid-Coniacian Żerkowice Mem ber of the 
Rakowice Wielkie For ma tion in di cate de po si tion in a high-en -
ergy sandy shoreface en vi ron ment dom i nated by waves, tidal
cur rents and wave-gen er ated along shore cur rents, with a grad -
ual en croach ment of shoal-wa ter del tas. The depositional suc -
ces sion is a re cord of a nor mal (progradational) re gres sion that
was leav ing be hind a coastal plain with relic la goons turn ing into 
fresh wa ter ponds and peat-form ing marshes. The re gres sion
cul mi nated in a mid-Coniacian forced re gres sion, which caused 
ero sion of the emerged area and re sulted in a hi a tus sep a rat ing 
the Żerkowice Mem ber from the over ly ing Czerna For ma tion of
late Coniacian to Santonian age.

· Lithofacies of the low est part of the Czerna For ma tion in di -
cate rapid ma rine re-drown ing of the emerged south east ern
part of the ba sin and de vel op ment of a sys tem of la goons. The
ma rine trans gres sion pro ceeded with shore line aggradation
and lim ited fur ther re treat, be fore turn ing into an other nor mal
re gres sion – driven by progradation of a sandy shoreface and
as so ci ated shoal-wa ter del tas. The re gres sion was punc tu ated
by mi nor ma rine in cur sions form ing interdistributary bays and
re-es tab lish ing tran sient la goons, the lat ter of ten trans formed
grad u ally into fresh wa ter ponds with marshes. 

· Trace fos sils in the Żerkowice Mem ber are gen er ally rare
(BI mainly 0–2), but there are iso lated and lat er ally dis con tin u ous 
lev els of high to com plete bioturbation (BI = 5 to 6) in the top parts 
of some thick sand stone beds or bed pack ages, par tic u larly
where draped with a mudstone layer. This pat tern of bioturbation
is con sis tent with the no tion of high-en ergy bot tom con di tions
and vig or ous sand trans port, and in di cates brief lo cal col o ni za -
tion win dows in an en vi ron ment with sparse nu tri ents and with
mud kept pe ren ni ally in sus pen sion. In tense biotur bation oc -
curred on the sta ble top sur faces and in fore front hy drau lic shad -
ows of incrementally mi grat ing tidal bedforms such as large
dunes and sand bars. The trace-fos sil as sem blage com prises an 
im pov er ished Skolithos Ichnofacies, rep re sented by nu mer ous
Ophiomorpha nodosa and sub or di nate sol i tary Diplocraterion,
Rosselia and Macaronichnus, and a prox i mal ex pres sion of the
Cruziana Ichnofacies rep re sented by Thalassinoides and sol i tary 
to rare spec i mens of di verse other ichnotaxa on sur faces bound -
ing sand stone beds.

· The stud ied lower part of the Czerna For ma tion shows a
much richer and more di ver si fied as sem blage of trace fos sils,

rang ing from a few un de ter mined ichnotaxa in Osiecznica to 17
ichnogenera in Rakowice Małe, in clud ing plant-root traces in
seatearth ho ri zons. The oc cur rence of Thalassinoides and
Tere do lites in the coal bed above the for ma tion base in Rako -
wice Małe, to gether with the trace fos sils in the over ly ing hetero -
lithic de pos its (in clud ing Asterosoma, Teichichnus, Palaeo -
phycus, Cylindrichnus and Arenicolites), is an am ple ev i dence
of a rapid ma rine trans gres sion that in stantly trans formed the
coastal-plain peat bog en vi ron ment into a microtidal la goon. The 
trace-fos sil as sem blage com prises the Teredolites Ichnofacies, 
a prox i mal ex pres sion of the Cruziana Ichnofacies and a dis tal
ex pres sion of the Skolithos Ichnofacies, the com bi na tion of
which high lights fur ther the short-term changes of en vi ron men -
tal con di tions re corded by the lithofacies. 

· The palaeogeographic changes re corded by the sed i men -
tary suc ces sion re flect bathymetric fluc tu a tions cor re spond ing
to a com bi na tion of 2 nd- and 3 rd-or der eustatic cy cles, with
their sig nal ob scured by palaeoenvironmental changes in sed i -
ment sup ply and by intrabasinal tec tonic forc ing. Pulses of in -
cre men tal tec tonic sub si dence were likely re spon si ble for the
short -term transgressive-re gres sive cy cles re corded as litho -
facies pack ages <5 m thick, best pro nounced in the Czerna
For ma tion.
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