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Abun dant and mod er ately di verse trace fos sil as sem blage have been dis cov ered for the first time in mudstones of the
Pogorza³a For ma tion from the Witoszów re gion, SW Po land. Fif teen ichnospecies in clud ing four teen ichnogenera are de -
scribed. The ichnofauna is dom i nated by Dictyodora liebeana and con tains nu mer ous Palaeophycus tubularis, rarer
Archaeonassa fossulata, Archaeonassa isp., Chondrites cf. intricatus, Curvolithus sim plex, Diplopodichnus biformis,
Lockeia isp., ?Lophoctenium isp., Nereites isp., Phycosiphon isp., Protovirgularia isp., ?Psammichnites isp., Taenidium isp.
and one ichnospecies of fish swim ming trails, Undichna cf. bri tan nica. Some other struc tures (wave rip ples in flu enced by mi -
cro bial mats and zig zag struc tures) also oc cur. The trace fos sil as sem blages dif fer in var i ous ex po sures, but three of them
are sim i lar and dis play the Dictyodora liebeana ichnoassemblage. It is rep re sented mostly by the etho log i cal cat e go ries
fodinichnia and repichnia, with fewer pascichnia, domichnia and cubichnia. This new data from the Œwiebodzice Unit sheds
light on the palae on tol ogy, age and palaeoenvironment of the Pogorza³a For ma tion. The oc cur rence of D. liebeana and U. cf. 
bri tan nica in di cates the Mis sis sip pian age of most mudstones stud ied, for merly con sid ered Up per De vo nian. The trace fos sil 
as sem blage be longs to the non-stan dard Nereites ichnofacies, with out graphoglyptids. The lithological fea tures of
mudstones, trace fos sil as sem blage and pov erty of macrofauna, tes tify to their de po si tion in a deeper sed i men ta tion zone
be low storm wave base, most likely in dysaerobic, pro-delta con di tions. This study sug gests that rocks con tain ing D. liebeana
may form a cor re la tive ho ri zon in the Œwiebodzice Unit.
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INTRODUCTION

The Œwiebodzice Unit (or Œwiebodzice De pres sion) is a small, 
rhomboidal, fault-bounded geo log i cal unit (Fig. 1) in the cen tral
Sudetes, which was de facto de fined in the 1950s (Teisseyre,
1956b). Be fore the Sec ond World War, Ger man re search ers
(e.g., Berg et al., 1910; Cramer et al., 1921) re cog nised the same
lithological units in the area as in the neigh bour ing Intra-Sudetic
Synclinorium (named af ter ¯elaŸniewicz et al., 2011). Porêbski
(1987, 1990) and Wojewoda (2014, 2016a, b) ex plained the
rhomboidal shape of the Œwiebodzice Unit and re ferred it to a
pull-apart ba sin. The Œwiebodzice Unit com prises ~3300–4500 m
of sed i men tary rocks, pre dom i nantly con glom er ates, the so-called 
Œwiebodzice suc ces sion (Porêbski, 1981). This suc ces sion gen -
er ally is di vided into two parts, a heterolithic suc ces sion and
coarse-grained con glom er ates, with their age de ter mined var i -
ously since the 19th cen tury.

The de tailed his tory of geo log i cal in ves ti ga tions in the
Œwiebodzice Unit was sum ma rized by Gunia (1968). Most maps
of Ger man au thors (e.g., Berg et al., 1910) con sid ered the
heterolithic de pos its to be older than the coarse-grained con -
glom er ates. This opin ion was ac cepted by later re search ers
(e.g., Teisseyre, 1948, 1952, 1968b; Nemec et al., 1980;
Porêbski, 1981). But there was an op pos ing opin ion, of Cramer
et al. (1924), sug gest ing that the gneiss con glom er ates (pres -
ently the Ksi¹¿ For ma tion) were older than the heterolithic rocks
(cur rently the Pogorza³a For ma tion).

Biostratigraphic doc u men ta tion of this geo log i cal unit has
been based on macrofossils, which have been found since the
19th cen tury (see Gunia, 1968 and ref er ences therein). They
rep re sent De vo nian (mainly in lime stones) and Car bon if er ous
taxa of fauna and flora. The macrofossils are gen er ally poorly
pre served and most of them are long-rang ing taxa. They are
also un evenly dis trib uted and some De vo nian fos sils are re -
worked (they oc cur in peb bles; Gunia, 1968). For these rea -
sons, in ter pre ta tion of the stra tig ra phy is com pli cated. Ex ten -
sive strati graphic stud ies of the rocks of the Œwiebodzice Unit,
based on ma rine macrofauna, were un der taken by Gunia
(1968). This au thor, like oth ers be fore him, as sumed that all the
fos sils found oc cur “in situ”. Based on rel a tively rare in dex fos -
sils, Gunia (1968) con cluded that both parts of the unit
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(heterolithic and coarse-grained con glom er ates) are
stratigraphically equiv a lent and were de pos ited from the late
Frasnian to the Tournaisian. Only one Car bon if er ous taxon
Lepidodendron sp. from the Ksi¹¿ con glom er ates found by
Zimmerman (1936) was taken into ac count by Gunia (1968). This
au thor re jected all other Car bon if er ous dates (see Pluta and
Górecka-Nowak, 2018). Sig nif i cant, but of ten over looked re sults
were pro vided by Krawczyñska-Grocholska (1973), which doc u -
mented miospores of Visean-Namurian age in the Chwaliszów re -
gion. There were no sub se quent strati graphic in ves ti ga tions for
nearly a half cen tury. Re cently, Halamski (2013) pub lished new
palaeontological and biostratigraphical stud ies of De vo nian
brachi o pods from lime stones of the Œwiebodzice Unit.

The view of Porêbski (1981, 1990) has been the most fre -
quently cited and com monly ac cepted. This au thor, based on
sedimentological stud ies and the gen eral strati graphi cal scheme
of Gunia (1968), pro posed a for mal lithostratigraphic di vi sion of the 
Œwiebodzice suc ces sion. Ac cord ing to Porêbski (1981, 1990), the
lower, heterolithic, part of the suc ces sion (1200–1500 m in thick -
ness; the Pogorza³a For ma tion and the Pe³cznica For ma tion), is
rep re sented by polymictic con glom er ates interbedded with thick
fossiliferous mudstones with sand stones and rare organogenic
lime stone lenses. The age of this part was re garded as Up per De -
vo nian (up per Frasnian–Famennian). In con trast the up per part of
the Œwiebodzice suc ces sion, in the opin ion of Porêbski (1981,
1990), is rep re sented by thick-bed ded and coarse-grained con -
glom er ates with sand stones of the Ksi¹¿ For ma tion (2000 m in

thick ness; with the pres ence of gneiss peb bles) and the
Chwaliszów For ma tion (3000 m in thick ness; polymictic con glom -
er ates). These de pos its were re ferred to the lower Tournaisian
and prob a bly in part to the Up per De vo nian (see Gunia, 1968;
Porêbski, 1981). The Œwiebodzice suc ces sion is con sid ered
synorogenic and re flects mostly grav ity-flow sed i men ta tion in a
ma rine slope-type fan-delta com plex of a rap idly sub sid ing ba sin
(Nemec et al., 1980; Porêbski, 1981, 1987, 1990).

Re cently, Wojewoda (2014, 2016a, b) pre sented a dif fer ent
de vel op men tal model of the Œwiebodzice Unit on the ba sis of
car to graphic and struc tural/sedimentological in ves ti ga tions us -
ing LIDAR meth ods. Ac cord ing to this, the con glom er ates of the 
Ksi¹¿ and Chwaliszów for ma tions, found in the cen tral part of
this unit, are older than the heterolithic Pogorza³a and Pe³cznica 
for ma tions from its mar ginal parts and rep re sent the
Tournaisian–Namurian in ter val. In con trast the heterolithic for -
ma tions are of the Namurian–Westphalian age and within them
this au thor dis tin guished turbidites, hemipelagic and pe lagic fa -
cies in clud ing olistoliths and slumps of older rocks (e.g., up per
De vo nian lime stones) oc cur ring near ba sin edges. This model
ex plains well the oc cur rence of age-dif fer ent taxa (De vo nian
and Car bon if er ous) in the heterolithic for ma tions. There fore,
the age of the Pogorza³a For ma tion can not be cor rectly de ter -
mined on the ba sis of re de pos ited De vo nian body fos sils.

The lat est re sults of miospore stud ies of the Pogorza³a For -
ma tion (Pluta and Górecka-Nowak, 2018) are im por tant to dis -
cus sion of the stra tig ra phy of this unit. These au thors doc u -
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Fig. 1. Geo log i cal map of the Œwiebodzice Unit (based on Kaczorowski and Wojewoda, 2011) with lo ca tion 
of the ex po sures stud ied in the Witoszów re gion
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mented the Up per Visean–Serpukhovian age for rocks from the 
Pogorza³a For ma tion in the Witoszów and Lubiechów re gions,
for merly in ter preted as the Up per De vo nian (Gunia, 1968). The
pres ence of Asturian (Westphalian) miospores in a few sam -
ples of these rocks, they in ter preted as re flect ing redeposition
of strati graphic leak age type. These new data sup port the
model of Wojewoda (2014, 2016a, b). Pluta and
Górecka-Nowak (2018) also con ducted a de tailed dis cus sion of 
strati graphic prob lems. They cited the pre-Sec ond World War
finds of Car bon if er ous macrofauna and macroflora from the
Pogorza³a For ma tion, which were not taken into ac count by
Gunia (1968). As these au thors em pha sized, pres ent-day un -
der stand ing of the geo log i cal set ting and stra tig ra phy re mains
un sat is fac tory, in di cat ing that the geo log i cal his tory of the unit is 
more com pli cated than pre vi ously thought. Ac cord ing to them,
the age of the rocks of the Œwiebodzice Unit has fun da men tal
im por tance for the in ter pre ta tion of geo log i cal his tory of the
Cen tral Sudetes.

Un til now, no trace fos sils have been re ported from the
Œwiebodzice Unit. Ini tially, in di vid ual un de ter mined trace fos -
sils, de scribed for merly by Prof. T. Gunia as sed i men tary struc -
tures, were no ticed by the au thor in 2019, while or ga niz ing the
Gunia col lec tion from Witoszów. Then, field work re vealed
many more finds and the pre lim i nary re sults of these stud ies
were re ported by Muszer (2019). This con tri bu tion pro vides the
first com pre hen sive ichnological study of the Œwiebodzice Unit,
fo cus ing on mudstones of the Pogorza³a For ma tion. Based on
ichnological in ves ti ga tions, some im por tant strati graphic and
palaeoenvironmental con clu sions can be drawn. Trace fos sils
are im por tant, com monly be ing used to re con struct
palaeoenvironments be cause they rep re sent the in situ re cord
of biogenic ac tiv ity and can not be eas ily re worked (Minter et al.,
2016).

Mis sis sip pian trace fos sils from the cen tral part of the Pol ish 
Sudetes are best known from the Up per Visean of the Bardo
Unit (Muszer and Haydukiewicz, 2009, 2010; Muszer and Uglik, 
2013). For many years they were men tioned, with out de scrip -
tion, from the Intra-Sudetic Synclinorium (¯akowa, 1958, 1960;
Teisseyre, 1968a; Nemec et al., 1982; Mastalerz, 1987, 1995).
Re cently, two re ports of trace fos sils from the Szczawno For -
ma tion of the Intra-Sudetic Ba sin were pro vided by Muszer
(2013, 2020) and fur ther stud ies are in prep a ra tion.

GEOLOGICAL SETTING

The re search area is lo cated in the south east ern part of the
Œwiebodzice Unit, in the “synclinal block” of Pogorza³a, which is
fault-bounded (Fig. 1; see Teisseyre, 1956a; Porêbski, 1981).
This block ex tends across the Pogorza³a, Witoszów,
Mokrzeszów and Lubiechów re gions (Teisseyre, 1956a). The
Pogorza³a block is built of con glom er ates, greywackes and
shales with rare, small “bod ies” of organogenic lime stone (con -
sid ered ei ther lenses or olistoliths ac cord ing to var i ous au thors,
cf. Porêbski, 1981 and Wojewoda, 2016a), which be long to the
Pogorza³a For ma tion (Porêbski, 1981). The to tal thick ness of
this suc ces sion was es ti mated at 1200–1500 m (Teisseyre,
1956a).

In the Witoszów Górny area there are a num ber ex po sures
of the Pogorza³a For ma tion rep re sented by mudstones with in -
ter ca la tions of sand stone (greywacke) and con glom er ate. The
mudstones are grey to dark and green grey, com monly thinly
lam i nated (up to a few mm), with rare py rite con cre tions. Al ter -
nat ing light and dark laminae oc cur. Ma rine fos sils have been
spo rad i cally noted in these mudstones and less fre quently in

the greywackes. Plant fos sils (mainly de bris) are slightly more
com mon than macrofaunal fos sils.

In these rocks, some Car bon if er ous taxa were noted in 19th
and 20th cen tu ries, es pe cially from a “roof ing slate” quarry (e.g., 
the bi valves Posidonia becheri, Edmondia, Proto schizodus by
Dames, 1868 and Bederke, 1924; the land plants
Mesocalamites roemeri, Cala mites tenuissimus and Sigilaria
minutissima by Cramer et al., 1924). How ever, most stud ies
have sug gested that the Pogorza³a For ma tion is De vo nian, be -
cause of nu mer ous ma rine macrofaunal re mains, found in lime -
stone “bod ies” oc cur ring in mudstones in neigh bour ing re gions
(Zobell and Carnall, 1831; Dames, 1868; Gürich, 1909;
Ró¿kowska, 1962). Pawlik (1939) con sid ered the mudstones at 
Witoszów as youn ger than the cal car e ous de pos its and in clude
them to the “stufe Hemberg” (Famennian, Prolobites and
Prionoceras Zones). Ac cord ing to Gunia (1968), these
mudstones rep re sent the Up per De vo nian (Famennian), but
their palaeontological doc u men ta tion is poor (a few bi valve,
brachi o pod and cephalopod taxa). Porêbski (1981) in cluded the 
Pogorza³a For ma tion in the Up per De vo nian (up per
Frasnian–Fammenian). Ac cord ing to Wojewoda (2014, 2016a,
b) the De vo nian lime stone frag ments with body fos sils are re de -
pos ited. The lat est palynostratigraphic data (Pluta and
Górecka-Nowak, 2018) shed new light on the stra tig ra phy and
re jected the up per De vo nian age of the Pogorza³a For ma tion in
the south ern part of the Œwiebodzice Unit. These au thors doc u -
mented the Up per Visean–Serpukhovian age for the
mudstones from Witoszów Górny and Lubiechów re gions and
con sid ered all older rocks and fos sils as re de pos ited.

Four mudstone ex po sures in the Pogorza³a For ma tion in the
Witoszów Górny area (Wit I, Wit II, Wit III, Wit IV) were stud ied
(Figs. 1 and 2). They are the same as the lo cal i ties stud ied by
Gunia (1968), but were not ana lysed by Pluta and Górecka-
 Nowak (2018). All stud ied ex po sures are heavily cov ered with
weath ered ma te rial (Fig. 3).

The ex po sure Wit I (out crop no. 30 of Gunia, 1968) is sit u -
ated ~300 m S of the his toric 17th-cen tury manor house (GPS
co or di nates 50°48’58.8”N; 16°23’30.1”E). The ex po sure is
~10 m long and 5 m high (Figs. 2 and 3A). Grey shales with thin
(up to 3 cm) in ter ca la tions of fine-grained sand stone are ex -
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Fig. 2. Top o graphic sketch of the Witoszów Górny re gion 
with lo ca tion of the ex po sures stud ied

https://gq.pgi.gov.pl/article/view/7595
https://gq.pgi.gov.pl/article/view/7872
https://gq.pgi.gov.pl/article/view/7872
https://gq.pgi.gov.pl/article/view/25730
https://gq.pgi.gov.pl/article/view/25730
https://gq.pgi.gov.pl/article/view/25730
https://gq.pgi.gov.pl/article/view/25730
https://gq.pgi.gov.pl/article/view/25730
https://gq.pgi.gov.pl/article/view/15939


First dis cov ery of Mis sis sip pian trace fos sils in the Œwiebodzice Unit from the Witoszów re gion (SW Po land) 841

posed on the slope, on the right bank of the stream. The ori en -
ta tion of the bed ding is 3/60. In this ex po sure nu mer ous trace
fos sils have been found, be sides frag ments of land plants
(Calamitaceae) and rare un de ter mined bi valves (Fig. 4D, H).
The mudstones are prob a bly over lain by con glom er ates with
rounded peb bles, and greywackes, which oc cur in blocks, but
the con tact with these rocks is not seen.

The ex po sure Wit II (GPS co or di nates 50°48’55.6”N;
16°23’24.0”E) is lo cated ~150 m SW of Wit I, on the north west -
ern slope of Mrowina Hill (Fig. 2). This lo cal ity seems to be the
same as out crop no. 4 of Gunia (1968), but its di men sions are
dif fer ent (now 10 m long, 7 m high). On the right bank of the
stream, grey, green grey and dark grey shales with thin (up to
1–2 cm) in ter ca la tions of fine-grained greywacke are ex posed.
The strata dip ~40° to the north. These rocks are gently folded
in the up per part of the ex po sure (Fig. 3B). Abun dant trace fos -
sils, rare plant frag ments and un de ter mined cepha lo pods
(Fig. 4E) oc cur in these mudstones.

Ex po sure Wit III (no. 3 of Gunia, 1968) is a large, old and
dis used quarry, known as the “roof ing slate” quarry. It is sit u -
ated ~750 m NW of the for mer manor (GPS co or di nates
50°49’18.3”N; 16°22’53.3”E), on the wooded slope (Fig. 2).
The quarry is now strongly over grown and cov ered with weath -
ered ma te rial (Fig. 3C). It ex poses mainly dark grey shales, in -
ter ca lated with lay ers (up to 20 cm) of greywacke. The bed ding 
ori en ta tion is 10/40. Trace fos sils oc cur only in the up per most

part of the quarry. Ad di tion ally, only an un de ter mined fish
scale was found (Fig. 4G).

Ex po sure Wit IV (out crop no. 11 of Gunia, 1968) is lo cated
150 m N from the west ern end of the vil lage of Witoszów Górny, 
on the south ern slope of the hill, near the ru ins of a for mer for e -
ster’s lodge (GPS co or di nates 50°48’56.0”N; 16°22’12.2”E).
The ex po sure is ~15 m long and 3 m high (Figs. 2 and 3D). In
this pro file dark grey, green grey and light grey shales with in ter -
ca la tions of fine-grained greywacke (up to 5 cm) are ex posed.
The rocks are lo cally gently folded. Mea sure ments of bed ding
plane are 335/25, 345/30 in the east ern part of the out crop and
350/40 in its west ern part. These rocks con tain many trace fos -
sils, some plant fos sils (Calamitaceae) and rare bi valves
(Fig. 4A–C, F, I).

MATERIALS AND METHODS

Al most all ma te rial stud ied in this pa per was found dur ing
field work in 2019 (Figs. 2, 4, 5B, D–H and 6–10). Fifty-eight
sam ples were taken from mainly mudstones in the Witoszów
re gion. Some sam ples were as sem bled from ta lus ma te rial.
Ad di tion ally, five sam ples with trace fos sils come from the col -
lec tion of Gunia (1968; out crops no. 4, 30 from Witoszów, no.
41 from Lubiechów; Fig. 5A, C).

Fig. 3. Pho to graphs of ex po sures of the Pogorza³a For ma tion in the Witoszów Górny region

A – ex po sure Wit I; B – ex po sure Wit II; C – ex po sure Wit III; D – ex po sure Wit IV
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Sev eral rock sam ples were cut and the ichnofabric was ob -
served on pol ished sur faces us ing a Nikon SMZ-2T mi cro scope 
(Fig. 10). Pho to graphs of trace fos sils were taken with a Nikon
Coolpix P5100 cam era. The ma te rial col lected is housed in the
In sti tute of Geo log i cal Sci ences of the Uni ver sity of Wroc³aw
with the pre fix Wit (cat a logue num bers I-1/1 – I-2/4b, I-z/1 –
I-z/3; II/1 – II/12; III/1 – III/3; IV/1 – IV/20), to gether with five
sam ples from the Gunia col lec tion (sam ples 4, 30, 41).

DESCRIPTION OF THE TRACE FOSSILS

INVERTEBRATE TRACE FOSSILS

Ichnogenus Archaeonassa Fenton and Fenton, 1937
Archaeonassa fossulata Fenton and Fenton, 1937

(Fig. 5A)

Fig. 4. As so ci ated macrofossils from the Witoszów Górny re gion

A–D – un de ter mined Calamitaceae: A – cat. No. Wit IV/3b, B – cat. No. Wit IV/13, C – cat. No. Wit IV/12, D – cat. No. Wit I-1/4a; 
E – un de ter mined orthoconch of Cephalopoda, cat. No. Wit II/2a; F – a large bi valve in ner mould, prob a bly Modiolus sp. cat. No. Wit IV/10;

G – un de ter mined fish scale, cat. No. Wit III/3; H, I – un de ter mined very small bi valves: H – cat. No. Wit I-2/3, I – cat. No. Wit IV/11
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M a  t e  r i a l  a n d  o c c u r r e n c e. – Two spec i mens
from the col lec tion of Gunia (1968) (out crop no. 30 = Wit I) and
one spec i men from ta lus of ex po sure Wit I.

D e s c r i p t i o n. – Sim ple, un branched, straight to me an -
der ing, nar row traces up to 92 mm long and 2.0–5.7 mm wide.
Epichnial fur rows are par al lel to bed ding. Mar gins of the fur row
on both sides are bound by ir reg u lar and slightly raised lev ees.
One spec i men is loop ing and has a me dian groove flanked by
ridges (Fig. 5A). The loop of this spec i men is 40 mm wide.

R e  m a r k s. – The traces are most sim i lar to
Archaeonassa fossulata de scribed by Buatois and Mángano
(2002: fig. 7A) from the Car bon if er ous floodplain de pos its of Ar -
gen tina, but a V-shaped cross-sec tion is not clear in the spec i -
mens from Witoszów. They are also sim i lar to Archaeonassa cf. 
fossulata de scribed by Demircan and Uchman (2016: fig. 4A, B)
from the prodelta fa cies of the Paleogene of Tur key, but their
ex ter nal mar gin is more even.

This ichnogenus was re viewed by Buckman (1994) and re -
de fined by Yochelson and Fedonkin (1997). Archaeonassa
gen er ally is in ter preted as a graz ing trail or pascichnion, pro -
duced by crus ta ceans, annelids or molluscs (e.g., Yochelson
and Fedonkin, 1997; Buatois and Mángano, 2002; Mángano et
al., 2005; Carmona et al., 2006; Sarkar et al., 2009). Knaust
(2007) re garded A. fossulata as a gas tro pod bur row
(fodinichnion).

This ichnogenus has been de scribed from lake, shal low ma -
rine and delta de pos its (Buatois and Mángano, 2002; Knaust,
2007; Sarkar et al., 2009; Mángano et al., 2013). It is a com mon
el e ment of the Cruziana and Mermia ichnofacies (Buatois and
Mángano, 2002; Melchor et al., 2012). Archaeonassa is known
from the Ediacaran (Häntzschel, 1975; Buckman, 1994;
Buatois and Mángano, 2002) to the Re cent (Netto et al.,
2012a), but mainly from the Pa leo zoic (e.g., Mángano et al.,
2005; Pazos et al., 2007).

Archaeonassa isp.
(Fig. 5B, C)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Nine spec i mens
from two ex po sures, Wit I (= out crop 30 of Gunia) and Wit IV.

D e s c r i p t i o n. – Hor i zon tal, straight to curved, un -
branched traces with nar row par al lel ridges pre served as neg a -
tive epirelief. They are semi cir cu lar or usu ally V-shaped in
cross-sec tion, oc ca sion ally flat. Their length is up to 9.2 cm,
width is 1.5–0.4 mm.

R e  m a r k s. – The ma te rial is poorly pre served and in -
com plete, due to the frag ile and frac tured host rock. Some
spec i mens show a sud den change of a move ment di rec tion
(Fig. 5B, C).

Ichnogenus Chondrites Stern berg, 1833
Chondrites cf. intricatus (Brongniart, 1823)

(Figs. 5F and 6A, C)

M a  t e  r i a l  a n d  o c c u r r e n c e. – One in com plete
spec i men from ex po sure Wit I; sev eral tun nel cross-sec tions
ex posed on the bed ding sur face (ex po sure Wit IV).

D e s c r i p t i o n. – Sys tem of thin tun nels branch ing at
sharp an gles, which look like roots. The length of the tun nels
range from 10–20 mm, and their di am e ter is ~0.2 mm. Tun nels

are filled with darker ma te rial, dif fer ing from the host rock. They
are slightly in clined to the bed ding sur face. Branch ing an gle is
<45°, which is a char ac ter is tic fea ture of Chondrites intricatus
(Brongniart, 1823), but branches are not so straight as in this
ichnospecies. The di am e ter and width of the bur row sys tem re -
sem bles this ichnospecies (see Uchman et al., 2012).
Cross-sec tions of the tun nels are vis i ble on the bed ding sur face 
(Fig. 6A, C).

R e  m a r k s. – Chondrites has been in ter preted as a
fodinichnion (feed ing struc ture) pro duced by an un known
infaunal de posit feeder (e.g., Seilacher, 2007). Other au thors
clas si fied this trace fos sil as a chemichnion (e.g., Bromley,
1996; Mikuláš, 2006; Rodríguez-Tovar et al., 2010). Re cently
Baucon et al. (2020) re-eval u ated Chondrites and con sid ered it
as a fodinichnion (cre ated by ver mi form de posit-feed ers
search ing for food), agrichnion (when tracemakers cul ti vate
asymbiotic bi valves and in gest bac te ria) and chemichnion (pro -
duced by chemosymbiotic bi valves to pro vide sym bi onts with
chem i cal agents).

This ichnogenus is one of the most com mon in Phanerozoic 
ma rine de pos its (Uchman and Wetzel, 1999) and its strati -
graphic range is from the Cam brian (Crimes, 1992) to Ho lo cene 
(Löwemark et al., 2004). It oc curs in a va ri ety of eco log i cal con -
di tions, from nearshore to deep-sea and from highly oxic
(Wetzel, 1991) to ox y gen-de pleted sed i ments, rich or poor in
or ganic mat ter (Wetzel and Uchman, 2001; Uchman et al.,
2003). How ever, most work ers cite Chondrites from low-en ergy 
en vi ron ments (Seilacher, 2007) and sub strates with ox y -
gen-poor pore wa ters (e.g., Tyszka, 1994).

Ichnogenus Curvolithus Fritsch, 1908
Curvolithus sim plex Buatois et al., 1998

(Figs. 5D and 9A)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Two fragmentarily 
pre served spec i mens from ex po sures Wit I and Wit II.

D e s c r i p t i o n. – Hor i zon tal, curved, flat tened and un -
branched trace with trilobate up per sur face. The cen tral lobe on 
the up per sur face is smooth and much wider than the outer
lobes, which are sep a rated by shal low fur rows. The spec i mens
de scribed are 5–6 mm wide and 15–40 mm long. They are pre -
served as pos i tive epireliefs on the bed ding sur face.

R e  m a r k s. – The ichnogenus Curvolithus was re vised
by Buatois et al. (1998), who dis tin guished only two
ichnospecies, C. mul ti plex Fritsch and a new spe cies C. sim -
plex. Spec i mens from the Witoszów re gion are most sim i lar to
C. sim plex de scribed by Buatois et al. (1998: figs. 4.2–4.3,
7.1–7.6) and by Krobicki and Uchman (2003: fig. 3). Curvolithus
is com monly in ter preted as a lo co mo tion trace (repichnion) of
endostratal in ver te brate car ni vores (see Buatois et al., 1998
and ref er ences therein). The po ten tial tracemakers are gas tro -
pods, worm like poly chaetes, flatworms, oli go chaetes, ne mer -
teans and holo thu rians (e.g., Lockey et al., 1987; Seilacher,
2007; Knaust, 2010).

Curvolithus is a com mon el e ment of the Cruziana
ichnofacies sensu Seilacher (1967). Lockley et al. (1987) de -
fined the Curvolithus ichnofacies, which now is con sid ered to
be a sub set of the Cruziana ichnofacies (Bromley, 1996;
McIlroy, 2008). This ichnogenus is com monly as so ci ated with
shal low-ma rine de pos its (Buatois et al., 1998). It also oc curs in
fan-deltaic to off shore de pos its (Webby, 1970; Fürsich and
Heinberg, 1983; Heinberg and Birkelund, 1984; Ma ples and
Suttner, 1990).
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Fig. 5. Trace fos sils from the Witoszów re gion

A – Archaeonassa fossulata (Arf) and Archaeonassa isp. (Ar) pre served as epirelief on the top of the bed ding plane, out crop no. 30 (coll.
Gunia, 1968); B, C – Archaeonassa isp. pre served as neg a tive epirelief on the top of the bed ding plane: B – cat. No. Wit I-1/1a, C – out crop
no. 30 (coll. Gunia, 1968); D – Diplopodichnus biformis (Db) and Curvolithus sim plex (Cu) pre served as pos i tive epirelief, cat. No. Wit II/1a; E
– Diplopodichnus biformis pre served as con vex hyporelief, cat. No. Wit I-z/1; F – Chondrites cf. intricatus pre served on the sur face slightly
oblique to the bed ding plane, cat. No. Wit I-1/4b; G, H – Dictyodora liebeana: G – hor i zon tal cross-sec tions of the spreiten struc ture pre -
served as epirelief, cat. No. Wit IV/1, H – vis i ble ver ti cal wall of D. liebeana on the sur face oblique to the bed ding plane, cat. No. Wit I-1/1b



First dis cov ery of Mis sis sip pian trace fos sils in the Œwiebodzice Unit from the Witoszów re gion (SW Po land) 845

Fig. 6. Trace fos sils from the Witoszów re gion

A–F – Dictyodora liebeana and Chondrites cf. intricatus, cross-sec tions on the bed ding sur face: A, C – abundant Dictyodora liebeana (Di)
and tun nel cross-sec tions of C. cf. intricatus (Ch), cat. No. Wit IV/2a, C – enlarged view of the area marked by the square in A; B, D, E –
Dictyodora liebeana cross-sec tions of the spreite; B – cat. No. Wit I-1/1a; D – cat. No. Wit I-1/3; E – cat. No. Wit I-1/2a; F – visible ver ti cal
walls of D. liebeana marked by ar rows, Cal – un de ter mined Calamitaceae, cat. No. Wit I-1/4b
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The strati graphic range of Curvolithus is from the Pro tero -
zoic (Webby, 1970) to the Mio cene (Buatois et al., 1998;
Krobicki and Uchman, 2003; Hofmann et al., 2011). This
ichnogenus com monly oc curs in Car bon if er ous and Ju ras sic
de pos its (Eagar et al., 1985).

Ichnogenus Dictyodora Weiss, 1884
Dictyodora liebeana (Geinitz, 1867)

(Figs. 5G–H, 6A–F and 10A–C)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Nu mer ous in com -
plete spec i mens found in three ex po sures in the Witoszów re -
gion (Wit I, Wit II, Wit IV; sam ples no 4, 30 of Gunia, 1968 col -
lec tion), one sam ple from the Lubiechów re gion (sam ple no. 41
of Gunia, 1968 col lec tion) and the D. liebeana ichnofabric was
ob served on ver ti cal pol ished sec tions. Sev eral dozen spec i -
mens al to gether.

D e s c r i p t i o n. – Com plex three-di men sional spreiten
struc tures, which are ori ented mostly obliquely to the bed ding.
Hor i zon tal cross-sec tions of the spreite are the most com mon
finds. In such cases, the traces have the char ac ter of var i ously
shaped asym met ri cal and less of ten nearly sym met ri cal me an -
ders; com plex me an ders (third-or der at max i mum) also oc cur.
Their me an der ing pat tern is ir reg u lar. Spac ing be tween me an -
ders is 0.3–20 mm. Me an ders of ten in ter sect (Figs. 5G and 6E). 
The spreite is 0.7–1.6 mm wide, gen er ally ~1 mm. Typ i cal basal 
bur row and mid-dor sal ver ti cal walls are rarely pre served
(Figs. 5H and 6A, B, F). The basal bur row is up to 10 mm wide
(Fig. 6A). In side view, the wall shows fine lon gi tu di nal streaks
(Fig. 5H). This ichnospecies is re garded as the most com plex
Dictyodora form (see Benton, 1982).

R e  m a r k s. – This ichnospecies rep re sents the com plex 
feed ing trace of a shell-less mol lusc (Benton and Trewin,
1980) or a worm-like an i mal (Benton, 1982). Ac cord ing to
Seilacher (2007) the tracemaker of D. libeana ex plored deep
tiers. Etho logi cally it is re garded as a fodinichnion (Buatois
and Mángano, 2011), or as a deep-tier pascichnion (Uchman
and Wetzel, 2012). This ichnospecies has been de scribed
mainly from deep-wa ter strata of Eu rope, es pe cially from the
Lower Car bo n i f er ous Culm fa cies of Ger many, Czech Re pub -
lic and Spain (e.g., Roemer, 1870; Ruchholz, 1967; Benton,
1982; Stepanek and Geyer, 1989; Pek and Zapletal, 1990; Orr 
et al., 1996; Mikuláš et al., 2004). D. liebeana is typ i cal of
fine-grained, dis tal de pos its with a high clay frac tion and it is
most of ten found in sed i ments of “roof ing slate” type (Mikuláš
et al., 2004). In the Sudetes, it has been re corded from the
Mis sis sip pian Szczawno For ma tion of the Intra-Sudetic Ba sin
(¯akowa, 1958; Muszer, 2013, 2019, 2020). This
ichnospecies is of chronostratigraphic value, be cause its
strati graphic range is re stricted to the Lower Car bon if er ous
(Uchman, 2004, 2007a).

The ichnogenus Dictyodora ranges from the Or do vi cian to
the Car bon if er ous and is con sid ered typ i cal of the deep-wa ter
Nereites ichnofacies (Benton, 1982; Baucon and Neto de
Carvalho, 2008; Buatois and Mángano, 2011). Re cently, it has
also been de scribed from Si lu rian and De vo nian prodelta de -
pos its in Ar gen tina (Vieira de Luca and Basilici, 2013; Pazos et
al., 2015b). New ichnological in ves ti ga tions (e.g., Pazos et al.,
2015b; Muszer, 2013, 2019, 2020) show that the Pa leo zoic
ichnogenus Dictyodora is abun dant in mudstone de pos its rich in
nu tri ents, that formed be low wave base, but not nec es sar ily on a
con ti nen tal slope or in a bathyal en vi ron ment. The most im por tant
evolutionary change of Dictyodora was an in crease in the height 

of the wall, which led to an in crease in size over all, and in com -
plex ity (Benton, 1982). The in crease in reg u lar ity of me an der ing
has been seen as evo lu tion to wards greater ef fi ciency of feed -
ing where food dis tri bu tion was patchy (Seilacher, 1974).

Ichnogenus Diplopodichnus Brady, 1947
Diplopodichnus biformis Brady, 1947

(Figs. 5D–E and 9A)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Four spec i mens
from ex po sures Wit I and Wit II.

D e s c r i p t i o n. – Straight and curved hor i zon tal trails,
which are pre served as con vex hyporeliefs, up to 7 cm long.
One spec i men is pre served as a sin gle si nu soi dal wave, which
is slightly asym met ri cal (Fig. 9A). Trails con sist of two par al lel
ridges sep a rated by a flat me dian groove, which is up to 2 mm
wide. Me dian groove is wider than lat eral ridges, which reach 1
mm width. To tal trace width is 4 mm. Trails are rather smooth,
but in two spec i mens a sub tle trans verse “seg men ta tion” is
partly vis i ble.

R e  m a r k s. – The spec i mens from the Witoszów re gion
are most sim i lar to Diplopodichnus biformis de scribed by
Schatz et al. (2011: figs. 7, 8.2, 8.4, 9.1). This ichnogenus was
orig i nally de fined by Brady (1947) from the Perm ian of Ar i zona,
but Keighley and Pickerill (1996) emended the di ag no sis.
Diplopodichnus rep re sents the repichnion etho log i cal cat e gory
(e.g., Pazos, 2002; Sadlok, 2008). Ac cord ing to many au thors
(e.g., Brady, 1947; Draganits et al., 2001; Getty et al., 2017;
Lima et al., 2017) the pro duc ers of D. biformis were mil li pedes.
As stated by Uchman et al. (2011) Diplopodichnus is sim i lar to
some vari ants of re cent sur face traces of isopods (ben thic crus -
ta ceans). Ac cord ing to Braddy (1998), there is a
“Diplichnites-Diplopodichnus-Dendroidichnites” spec trum that
could have been made by the same tracemaker.

This ichnogenus is usu ally known from con ti nen tal and
nearshore en vi ron ments (Lucas et al., 2004) of the Mermia and
Scoyenia ichnofacies (Zhang et al., 1998; Lucas et al., 2013;
Getty et al., 2017). It also oc curs in the Up per Pa leo zoic
diamictite and rhythmite fa cies in South Amer ica (Buatois and
Mángano, 2011; Schatz et al., 2011; Netto et al., 2012b). The
spec i mens from Witoszów are the first from a deep ma rine en vi -
ron ment. The strati graphic range of the ichnogenus is from the
Or do vi cian to the Ju ras sic (Avanzini et al., 2011; Uchman et al.,
2011a), and it cov ers a wide geo graphic area (Eu rope, USA,
South Amer ica, In dia, China, see Zhang et al., 1998; Minter and 
Braddy, 2009; Avanzini et al., 2011; Schatz et al., 2011;
Uchman et al., 2011; Lima et al., 2017; Getty et al., 2017).

Ichnogenus Lockeia James, 1879
Lockeia isp.

(Fig. 7A)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Four spec i mens
from ex po sure Wit II.

D e s c r i p t i o n. – Small, elon gate, oval to al -
mond-shaped mounds pre served as con vex hyporelief, with
clear mar gins and pointed ter mi na tions. The traces are
10–13 mm long and 4–5 mm wide (Fig. 7A). Three spec i mens
oc cur se ri ally, one af ter the other, and all of them on the same
bed ding sur face to gether with Protovirgularia isp.
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R e  m a r k s. – Lockeia is usu ally in ter preted as a bi valve
rest ing trace (cubichnion; e.g., Häntzschel, 1975; Ma ples and
Suttner, 1990; Ekdale and Bromley, 2001; Seilacher, 2007;
Alonso-Muruaga et al., 2013), but some au thors sug gested its
func tion as a do mi cile and es cape trace (e.g., Buatois et al.,
2005; Knaust, 2007). Other po ten tial pro duc ers are ostracods
and gas tro pods (e.g., Radley et al., 1998; Goldring et al., 2005). 
These traces oc cur in de pos its rep re sent ing a wide range of
ma rine (from mar ginal to deep-sea) and fresh wa ter en vi ron -
ments from the Ediacaran to the Pleis to cene (Kim, 1994;
Radley et al., 1998; Goldring et al., 2005; Abbassi, 2007).

Ichnogenus Lophoctenium Rich ter, 1850
?Lophoctenium isp.

(Fig. 7B)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Two frag men tary
spec i mens from ex po sure Wit II.

D e s c r i p t i o n. – Epichnial struc tures fragmentarily pre -
served on the bed ding plane. They con sist of a se ries of con -
cen tric, curved and closely spaced asym met ri cal bur row-fills
with fur rows, dis play ing a spreiten-like struc ture. The frag ments 
are up to 4 cm long and up to 6 cm wide. The traces re sem ble
Lophoctenium comosum Rich ter de scribed by Orr et al. (1996:
fig. 8E, F) and oc cur in the same beds as Lockeia isp. The spec -
i mens are poorly pre served and their as sign ment is un cer tain.

R e  m a r k s. – Ac cord ing to Uchman (1998)
Lophoctenium needs a re vi sion. This ichnogenus is re garded
as a fodinichnion (trace of de posit-feed ing or gan ism, see
Uchman et al., 2004). Lophoctenium oc curs in flysch de pos its
(e.g., Ksi¹¿kiewicz, 1977; Uchman, 1998; Uchman et al., 2004)
from the Or do vi cian (Häntzschel, 1975) to the Mio cene
(Uchman, 1995, 1998) and is of ten de scribed from the Lower
Car bon if er ous Culm fa cies (e.g., Benton, 1982; Stepanek and
Geyer, 1989; Orr et al., 1996; Lehotský and Zapletal, 2007).

Ichnogenus Nereites Mac Leay in Murchi son, 1839
Nereites isp.
(Fig. 10A, B)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Two pol ished
cross-sec tions of sam ples Cat. No. Wit II/8 and Wit IV/4 (ex po -
sures Wit II and Wit IV) with a Nereites ichnofabric.

D e s c r i p t i o n. – The Nereites ichnofabric shows
elon gated, hor i zon tal, dark “oval forms”, en vel oped by
claystone ma te rial. These “oval forms” are up to 2 cm long
and are at trib ut able to cross-sec tions of tun nels of Nereites.
The fill ing is formed by dark, fine-grained ma te rial, which dif -
fers from the host rock. This claystone ma te rial, prob a bly re -
worked sed i ment, is a di ag nos tic fea ture of the ichnogenus
Nereites (Uchman, 1995).

R e  m a r k s. – Nereites is in ter preted as in ter nal me an der -
ing graz ing trails (pascichnia) (e.g., Seilacher and Meischner,
1965; Seilacher, 1986; Buatois and Mángano, 2011). The sug -
gested pos si ble pro duc ers were worm like de posit-feed ers,
molluscs, ar thro pods or holothuroids (e.g., Häntzschel, 1975;
G³uszek, 1998; Mángano et al., 2000; Jo seph et al., 2012 and
ref er ences therein).

This ichnogenus has been de scribed from many oc cur -
rences rang ing from the Late Pre cam brian (Crimes, 1987) to

the Mio cene (Uchman, 1995; Hu et al.,1998), or pos si bly Qua -
ter nary (Ekdale and Lewis, 1991).

It is a eurybathic form and a typ i cal com po nent of the
Nereites ichnosubfacies, which is dis trib uted in dis tal flysch fa -
cies (e.g., Uchman, 2007b; Olivero et al., 2009; Jo seph et al.,
2012). It also oc curs on tidal flats (Mángano et al., 2000), in
shal low-ma rine de pos its (e.g., Crimes and An der son, 1985;
Seilacher, 2007) and in fresh-wa ter lakes (Wetzel, 2002).

Ichnogenus Palaeophycus Hall, 1847
Palaeophycus tubularis Hall, 1847

(Fig. 7D–F)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Sev eral spec i -
mens from all ex po sures stud ied (Wit I, Wit II, Wit III and Wit IV).

D e s c r i p t i o n. – Pre dom i nantly hor i zon tal to in clined
endichnial bur rows, dis tinctly lined, with out or na men ta tion.
They are pre served as con vex epirelief and pos i tive hyporelief,
Tun nels are sim ple, cy lin dri cal, straight to curved or un du lat ing.
They are up to 10 cm long, with a di am e ter of 1.5–6 mm. The
sed i ment fill is mas sive, sim i lar to the host rock.

R e  m a r k s. – This ichnogenus is eurybathic and oc curs
in var i ous en vi ron ments from fresh wa ter to ma rine. It is de -
scribed from the Pro tero zoic to the Re cent (Häntzschel, 1975;
Pem ber ton and Frey, 1982; Buatois and Mángano, 2011).
Palaeophycus is etho logi cally in ter preted pre dom i nantly as a
dwell ing bur row (domichnion) pro duced by de posit-feed ers or
pred a tors, mostly by poly chaetes, usu ally mov ing par al lel to the 
bed ding (e.g., Pem ber ton and Frey, 1982; Uchman, 1995;
Mikuláš et al., 2013). Other au thors have sug gested
fodinichnion/domichnion (e.g., Rodríguez-Tovar et al., 2010),
or repichnion/domichnion (e.g., Chen et al., 2012).

Ichnogenus Phycosiphon Fischer-Ooster, 1858
Phycosiphon isp.

(Fig. 10A, B)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Two pol ished
cross-sec tions of sam ples Cat. No. Wit II/8 and Wit IV/4 (ex po -
sures Wit II and Wit IV) with a Phycosiphon ichnofabric.

D e s c r i p t i o n. – In pol ished sec tions, Phycosiphon re -
sem bles clus ters of closely spaced el lip ti cal spots and
comma-shaped dots (0.2 mm thick) filled with darker sed i -
ments. In the spec i mens stud ied a nar row pale man tle was ob -
served.

R e  m a r k s. – The spec i mens stud ied are very sim i lar to
spec i mens of Phycosiphon incertum from the Eocene of
Spitsbergen (Rodríguez-Tovar et al., 2014: fig. 3) and to small
spec i mens of Phycosiphoniform bur rows from Cre ta ceous
turbidites in Mex ico (Bednarz and McIlroy, 2009: fig. 1.1).

The ichnogenus Phycosiphon has been var i ously de scribed 
(for lists of syn onyms see Fu, 1991; Goldring et al., 1991;
Wetzel and Bromley, 1994). The Phycosiphon-pro ducer gen er -
ally col o nized sed i ments en riched in or ganic mat ter (Wetzel,
2010) and was an op por tu nis tic, highly se lec tive de posit feeder
(fodinichnion), but it re mains un rec og nized (Wetzel and
Bromley, 1994; Wetzel and Uchman, 2001; Wetzel, 2008,
2010). Ac cord ing to Bednarz and McIlroy (2009), pro duc ers of
phycosiphoniform bur rows were small, prob a bly ver mi form or -
gan isms.
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Fig. 7. Trace fos sils from the Witoszów re gion

A – Lockeia isp. pre served as con vex hyporelief, cat. No. Wit II/1b; B – ?Lophoctenium isp. pre served as epirelief, cat. No. Wit II/7; C –
Taenidium isp. pre served as epichnial bur row, cat. No. Wit III/1; D–F – Palaeophycus tubularis pre served as pos i tive hyporelief: D – cat. No.
Wit I-2/1, E – cat. No. Wit III/1, F – cat. No. Wit II/8; G – Protovirgularia isp. pre served as pos i tive hyporelief, cat. No. Wit II/1b; H –
?Psammichnites isp. pre served as pos i tive hyporelief, cat. No. Wit II/1a
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This ichnogenus is known from the Pa leo zoic to the Ho lo -
cene from var i ous ma rine en vi ron ments (Seilacher, 1978; Fu,
1991; Goldring et al., 1991; Savrda et al., 2001; Naruse and
Nifuku, 2008). It is most char ac ter is tic of the Nereites
ichnofacies (Ineson, 1987) and the Zoophycos ichnofacies
(Frey and Pem ber ton, 1984; Buatois and Mángano, 2011).

Ichnogenus Protovirgularia Mc Coy, 1850
Protovirgularia isp.

(Fig. 7G)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Frag ment of one
spec i men from ex po sure Wit II.

D e s c r i p t i o n. – Straight, un branched, hor i zon tal trail,
which is poorly pre served (weath ered) as con vex hyporelief. It
is 45 mm long and 4 mm wide. The in ter nal struc ture con sists of
ar cu ate curved seg ments, high lighted by ribs. No vis i ble me -
dian ridge. The trace is filled with sed i ment of the same type as
the host rock. It oc curs on the same bed ding plane as Lockeia
isp. and its width is sim i lar to the width of Lockeia isp.

R e  m a r k s. – This ichnogenus is etho logi cally clas si fied as a
lo co mo tion trail of a de posit-feed ing (repichnion) bi valve (Mángano
et al., 2002b; Seilacher, 2007). It is known from var i o us ma rine
(shal low to deep) and fresh wa ter de pos its (Han and Pickerill, 1994;
Nara and Ikari, 2011) from the Arenig to the Mio cene (Uchman,
1998; Uchman and GaŸdzicki, 2006; Chen et al., 2011).

Ichnogenus Psammichnites Torell, 1870
?Psammichnites isp.

(Fig. 7H)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Frag ments of two
spec i mens from ex po sures Wit II and Wit IV.

D e s c r i p t i o n. – Hor i zon tal, un branched, curved rib -
bon-shaped trails pre served as pos i tive hyporeliefs. It is char -
ac ter ized by a nar row me dial groove and two con vex lobes.
Traces are 6 mm wide and 2–4 cm long. Me dial groove is thin
and straight, 0.7 mm wide.

R e  m a r k s. – These trails are in com plete, poorly pre -
served, so their de ter mi na tion is very dif fi cult. They show some
re sem blance to the ichnogenus Didymaulichnus, Young, 1972
(curv ing, smooth bilobate trails with dis tinct me dian fur row, pre -
served in con vex hyporelief), but dif fers in fea tures such as the
lack of thin outer lat eral bev els and of a me an der ing pat tern
(Zhu, 1997; Rodríguez-Tovar et al., 2014). Psammichnites was
in ter preted as a repichnion of large Pa leo zoic molluscs
(Häntzschel, 1975). It is com monly re ferred to the feed ing ac tiv -
ity of a soft-bod ied ma rine an i mal, mov ing through the sed i ment 
and be ing con nected to the sed i ment sur face by a snor kel de -
vice (e.g., Seilacher, 1997; Aceñolaza and Aceñolaza, 2006;
Baucon and Neto de Carvalho, 2008).

It ranges from the Lower Cam brian prob a bly to the Perm ian
(see Mángano et al., 2002a). Psammichnites is of ten re ported
from mar ginal-ma rine en vi ron ments (Mángano et al., 2002a;
Buatois and Mángano, 2011; Desjardins et al., 2012), while the
Car bon if er ous Psammichnites is listed as a com mon el e ment
of lower estuarine set tings (Mángano et al., 2005; Buatois and
Mángano, 2007). It also oc curs in shale sub strates in off shore
set tings and thick turbidite suc ces sions (see Álvaro and
VizcaÎno, 1999).

Ichnogenus Taenidium Heer, 1877
Taenidium isp.

(Fig. 7C)

Fig. 8. Fish trails from the Witoszów re gion

A – Undichna cf. bri tan nica pre served as neg a tive epirelief on top of mudstone, cat. No. Wit I-z/2; B – line draw ing of
spec i mens in A with in di vid ual waves iden ti fied (w1–w7)
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M a  t e  r i a l  a n d  o c c u r r e n c e. – Frag ment of one
spec i men from ex po sure Wit III.

D e s c r i p t i o n. – Hor i zon tal, rather straight, slightly
curved unwalled tun nel, pre served as an epichnial bur row on
the bed ding plane. It was ac tively filled, with a meniscate sandy
core sim i lar to the host rock, and a thin dark muddy lin ing. The
lin ing is dif fer ent than the host rock. The trace is 21 mm long
and 2 mm wide.

R e  m a r k s. – The spec i men re sem bles Taenidium
barretti (Bradshaw, 1981) de scribed by Baucon et al. (2014:
fig. 4B), but is much thin ner and menisci are less reg u lar in
shape and rather poorly pre served. The spec i men stud ied is
sim i lar to Taenidium serpentinum Heer, 1877 in bur row width
(see Keighley and Pickerill, 1994: fig. 3), but lacks well-spaced,
ar cu ate menisci.

Meniscate bur rows (ichnogenera Ancorichnus Heinberg,
1974; Beaconites Vialov, 1962; Taenidium Heer, 1877) were
clas si fied on the ba sis of the pres ence and type of wall, and dif -
fer ences in the type of meniscate back fill ing (e.g., Bradshaw,
1981; Frey et al., 1984; D’Alessandro and Bromley, 1987). The
ichnogeneric di ag no sis of meniscate bur rows was emended by

Keighley and Pickerill (1994). Unwalled Beaconites barretti was
in cluded by these au thors in Taenidium Heer, 1877 as T.
barretti. A new spe cies of Taenidium was also de scribed by
Bromley et al. (1999).

Taenidium was pro duced prob a bly by de posit feed ers
(Uchman, 2007b). Ac cord ing to Baucon et al. (2014) this bur row -
ing style is typ i cal of worm-like or gan isms. Taenidium is a com bi -
na tion of lo co mo tion and feed ing trace and could be re garded as
a pascichnion. Ichnogenus Taenidium is a fa cies-cross ing form
(from fresh wa ter to deep ma rine en vi ron ments), rang ing from the 
Or do vi cian to the Pleis to cene (Keighley and Pickerill, 1994;
Abbassi, 2007). Ichnospecies T. barretti is typ i cal of con ti nen tal
set tings, while T. serpentinum oc curs only in ma rine de pos its
(Keighley and Pickerill, 1994: fig. 5).

VERTEBRATE TRACE FOSSILS

Ichnogenus Undichna An der son, 1976
Undichna cf. bri tan nica Higgs, 1988

(Fig. 8A, B)

Fig. 9. Trace fos sils and other struc tures from the Witoszów re gion

 A – Diplopodichnus biformis (Db) and Curvolithus sim plex (Cu) pre served as epirelief, cat. No. Wit I-z/2; B – zig zag 
scratches pre served as epirelief, cat. No. Wit III/2a; C – wave rip ples in flu enced by mi cro bial mats pre served as

hyporelief, cat. No. Wit II/4b
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M a  t e  r i a l  a n d  o c c u r r e n c e. – A few frag men tary 
spec i mens on one slab from ex po sure Wit I.

D e s c r i p t i o n. – Hor i zon tal trails, pre served as
epichnial grooves, up to 6 cm long. The grooves are sharply in -
cised and com monly 1 mm wide. Trails are com monly dis con -
tin u ous, con sist ing of two in ter twined si nu soi dal or slightly si nu -
soi dal waves with dif fer ent am pli tude and be ing out-of-phase.
Be cause of frag men tary pres er va tion the ex act de ter mi na tion
of its pa ram e ters is not pos si ble. The prob a ble wave length is
~30 mm and the am pli tude is 7–10 mm. It is dif fi cult to dis tin -
guish the wider (larger) wave from the nar rower (smaller) wave
and to de ter mine the phase dif fer ence be tween waves. In ad di -
tion, on the same slab there are short sec tions of other waves or 
scratches.

R e  m a r k s. – The morphotype of the trails de scribed are
most sim i lar to spec i mens pre sented by Ronchi et al. (2018:
fig. 7), but spec i mens from Witoszów are smaller. Sim i larly,
spec i mens of Ronchi et al. (2018) are dis con tin u ous and pre -
served only at the in ter sec tions of out-of-phase si nu soi dal
traces. The dis con tin u ous and much larger spec i mens of U. bri -
tan nica were also pre sented by Soler-Gijón and Moratalla
(2001: fig. 3).

This ichnogenus was re viewed by Trewin (2000) and Minter
and Braddy (2006) and its strati graphic range was orig i nally re -
stricted to the Late Pa leo zoic (see Gibert et al., 1999). Sub se -
quently, Undichna was re ported from the Up per Si lu rian to the

Ho lo cene as a com mon ichnotaxon in sub-aquatic con ti nen tal
and ma rine en vi ron ments (Gibert et al., 1999; Minter and
Braddy, 2006; Cardonatto and Melchor, 2014; Knaust and
Minter, 2018; Knaust, 2019). Ac cord ing to Trewin (2000),
Undichna oc curs also within gla cially in flu enced rhythmites and
turbidites in non-ma rine bas ins.

Most re cords of U. bri tan nica are known from the Car bon i f e -
r ous to the Ju ras sic (Ronchi et al., 2018), but the en tire strati -
graphic range of this ichnospecies is from the Up per Mis sis sip -
pian (Fill more et al., 2011) to the Ho lo cene (Gibert et al., 1999).

This trace fos sil is pro duced by fish swim ming close to the
sed i ment sur face (repichnion). Ac cord ing to Cardonatto and
Melchor (2014) the po ten tial pro duc ers of this trace are
palaeonisciforms with a subcarangiform lo co mo tion type.

OTHER STRUCTURES

Wave rip ples in flu enced by mi cro bial mats
(Fig. 9C)

M a  t e  r i a l  a n d  o c c u r r e n c e.  – One ex am ple
from ex po sure Wit II.

Fig. 10. Ichnofabric of Nereites isp., Phycosiphon isp. and Dictyodora liebeana

 A, B – pol ished cross-sec tions with the Nereites (Ne), Phycosiphon isp. (Ph) and D. liebeana (Di)
ichnofabrics: A – sam ple cat. No. Wit II/8, B – sam ple cat. No. Wit IV/4; C – pol ished cross-sec tion of 

sam ple cat. No. Wit II/26 with Dictyodora liebeana (Di) ichnofabric
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D e s c r i p t i o n. – The im pres sion is pre served on bed -
ding plane. It is ~60 mm long and 25 mm wide. It is pre served as 
a set of hypichnial ridges, of which three ridges are clearly vis i -
ble, but the other three ridges oc cur only as frag ments. Ridges
are sin u ously and bi lat er ally sym met ri cal, wavy and 2 mm wide. 
Waves are of low-am pli tude (~5 mm). The dis tance be tween
ridges is con stant, dis tinc tive, as is the am pli tude (4–5 mm).
Wave length is ~22 mm.

R e  m a r k s. – This rep re sents microbially in duced sed i men -
tary struc tures (MISS), in this case wave rip ples. The spe c i men is
very sim i lar to the wave rip ples de scribed by Sarkar and Banerjee
(2019) and Marriott et al. (2013: fig. 2a).

MISS are in ter preted as matgrounds, which in volved sub -
strate mod i fi ca tion by mi cro bial ac tiv ity (Noffke et al., 2001, 2006;
Marriott et al., 2013; Pazos et al., 2015a; Vodrážková et al., 2019). 
Ac cord ing to Noffke et al. (2001) mi cro bial mats do m i nated by
cyanobacteria de pend on pho to syn the sis. They are bathy -
metrically con trolled and oc cur at the turn ing points of re gres -
sion-trans gres sion cy cles from the Archean on wards. These
struc tures, in mod ern times, are very com mon in shal low-ma rine
to mar ginal-ma rine en vi ron ments (Noffke et al., 2001, 2006). Ac -
cord ing to Davies et al. (2016), most of the fos sil mi cro bial mats
have been re ported from tidal and storm-in flu enced set tings, and
only spo rad i cally from deeper wa ter fa cies. Vodrážková et al.
(2019) de scribed microbially in duced sed i men tary struc tures from
the Mid dle De vo nian deep-wa ter siliciclastic se quences of the
Prague Ba sin and con sider the or i gin of these struc tures as an ef -
fect of cur rent and/or grav i ta tional forces or of seis mic shocks.

Zig zag scratches
(Fig. 9B)

M a  t e  r i a l  a n d  o c c u r r e n c e. – Frag ment of one
spec i men from the ex po sure Wit III.

D e s c r i p t i o n. – The spec i men is 4 cm long and ~3 cm
wide. It con sists of sets of par al lel zig zag scratches pre served
as epirelief. Dis tances be tween scratches are not equal and
reach 5 mm. The spec i men is poorly pre served and in com plete, 
and so de ter mi na tion is dif fi cult.

R e  m a r k s. – These zig zag scratches shows some re -
sem blance to the ichnogenus Parundichna Si mon et al., 2003,
but do not show char ac ters typ i cal char ac ter is tic of this
ichnogenus. Parundichna is in ter preted as the swim ming trace
(repichnion) of a large coe la canth fish (Si mon et al., 2003). The
spec i men stud ied may re sult from the mo tion of an un known
an i mal (fish or ar thro pod).

ICHNOASSEMBLAGE 
AND PALAEOENVIRONMENTAL 

INTERPRETATION

The ichnological ma te rial de scribed from the Witoszów
Górny re gion be longs to the Pogorza³a For ma tion. De tailed
sedimentological in ter pre ta tions of this lithostratigraphic unit
were made by Teisseyre (1956a) and Porêbski (1981). The
heterolithic suc ces sion was in ter preted as re flect ing
deltaic-mar ginal ma rine en vi ron ments (Cramer et al., 1924;
Teisseyre, 1968b; Gunia, 1968). Other au thors con sider the
Pogorza³a For ma tion as de pos its of a fan-delta slope/ba sin
plain depositional sys tem (Nemec et al., 1980; Porêbski, 1981,
1987). Ac cord ing to Wojewoda (2014, 2016a, b), the
heterolithic suc ces sion rep re sents turbidites, hemipelagic and

pe lagic fa cies with com plexes of re de pos ited older rocks (of ten
De vo nian).

The mudstones from Witoszów Górny have a char ac ter is tic
dark col our (dark grey, grey, green grey), and in clude py rite
con cre tions and well-de vel oped thin par al lel lam i na tion. Other
sed i men tary struc tures were not ob served, with the ex cep tion
of one spec i men of wave rip ples. The mudstones are in ter ca -
lated with thin fine-grained greywackes 1–20 cm thick. These
rocks cor re spond to as so ci a tion I de scribed by Porêbski (1981). 
Such lithological fea tures of mudstones are char ac ter is tic of
low-en ergy lower-off shore set tings (see Pem ber ton et al., 2012) 
and deeper set tings (slopes and deep-sea fans; see Hub bard et 
al., 2012; Uchman and Wetzel, 2012). Their sed i men ta tion took 
place in low-en ergy and low-ox y gen ated wa ters be low storm
wave base, with pe ri od i cally an aer o bic con di tions. The
fine-grained greywackes may rep re sent storm de pos its. Some
plant fos sils (Fig. 4A–D), poor pre served ben thic (bi valves) and
nektonic (cepha lo pods, fish) macrofauna (Fig. 4E–I) also oc cur. 
The macrofauna in di cate an open ma rine en vi ron ment and the
plant frag ments were prob a bly trans ported from land to sea by
rivers or by float ing.

An abun dant and mod er ately di verse ichnofauna (fif teen
ichnospecies, Ta ble 1), found in four ex po sures stud ied (Wit I–
Wit IV) in the Witoszów Górny re gion al lows ad di tional
palaeoenvironmental con clu sions. Among these trace fos sils
fodinichnia and repichnia dom i nate, while pascichnia,
domichnia and cubichnia are sub or di nate. Dictyodora liebeana
is the most com mon trace fos sil and oc curs in three ex po sures
(Wit I, Wit II and Wit IV). This ichnospecies was also found in the 
col lec tion of Gunia (1968), in clud ing his out crop 41 (Lubiechów
re gion, the Pogorza³a For ma tion), which was not stud ied here.
Palaeophycus tubularis oc curs fre quently in all ex po sures stud -
ied. Other in ver te brate trace fos sils were oc ca sion ally found:
Archaeonassa fossulata, Archaeonassa isp., Chondrites cf.
intricatus, Curvolithus sim plex, Diplopodichnus biformis,
Lockeia isp., ?Lophoctenium isp., Nereites isp., Phycosiphon
isp., Protovirgularia isp., ?Psammichnites isp. and Taenidium
isp. In ex po sure Wit I fish swim ming trails Undichna cf. bri tan -
nica were also found. An un cer tain zig zag struc ture was dis cov -
ered only in ex po sure Wit III.

The trace fos sil as sem blages from in di vid ual ex po sures dif -
fer from each other to vary ing de grees, but three of them are
quite sim i lar, pri mar ily due to abun dant D. liebeana. The high est 
tax o nomic di ver sity (Ta ble 1) was ob served in shales from the
ex po sures Wit II (10 ichnotaxa) and Wit I (8 ichnotaxa). In
mudstones from ex po sure Wit IV 7 ichnotaxa were found. Trace 
fos sil as sem blages from these 3 ex po sures show the great est
sim i lar ity (4 or 5 com mon ichnotaxa) and dis play a Dictyodora
liebeana ichnoassemblage. A very poor trace fos sil as sem -
blage with the low est ichnotaxonomic di ver sity oc curs in ex po -
sure Wit III (only 3 ichnotaxa, 1 ichnospecies com mon), the only 
ex po sure in which D. liebeana was not dis cov ered.

Ichnological stud ies from Witoszów Górny also in cluded
ichnofabric anal y sis of some mudstone sam ples with
D. liebeana. This in volved ob ser va tion of all struc tural and tex -
tural as pects of the de pos its, es pe cially bioturbation. In sev eral
pol ished cross-sec tions Nereites, Phycosiphon and D. liebeana
ichnofabrics are ob served (Fig. 10A–C). The Phycosiphon
ichnofabric (small, dark, flat tened “spots” and strings) man i fests 
deeper tier ing than the Nereites ichnofabric (hor i zon tal, elon -
gated and dark “forms”, en vel oped by claystone ma te rial;
Fig. 10A). In con trast to the ob ser va tions of Mikuláš et al.
(2002), the Dictyodora ichnofabric (the deep est tier ing) from
Witoszów shows clearly vis i ble courses of these traces, which
are ori ented obliquely to the bed ding sur face (Fig. 10C). They
are lined with a thin dark coat ing.
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The palaeoenvironmental in ter pre ta tion of sed i men tary
con di tions of Witoszów mudstones is pri mar ily based on the
most com mon and dis tinc tive trace fos sil, D. liebeana. This
ichnospecies has spe cific palaeoenvironmental re quire ments.
Uchman (2004) stated that Or do vi cian to Car bon if er ous
deep-ma rine ichnofaunas typ i cally con tained Dictyodora. Ac -
cord ing to Buatois and Mángano (2011 and ref er ences therein)
this ichnogenus is con sid ered as typ i cal of deep-wa ter Nereites
ichnofacies, but later re search proved that Dictyodora oc curs
also in mudstones in a prodelta set ting (see Pazos et al., 2015b).
Ac cord ing to Pazos et al. (2015b), Dictyodora is not a di rect in -
di ca tor of deep-sea en vi ron ments and most Dictyodora
ichnospecies from the Si lu rian of Ar gen tina are prob a bly fre -
quent in muddy sub strates rich in nu tri ents be low storm wave
base, but not nec es sar ily slope or bathyal.

In the Witoszów re gion, D. liebeana co ex ists with Nereites
isp. The ichnogenera Lophoctenium, Chondrites and Undichna
are also pres ent in the Nereites ichnofacies (Buatois and
Mángano, 2011; Knaust, 2019). Other trace fos sils from the
Witoszów mudstones show vary ing en vi ron men tal pref er ences.
The ichnogenera Palaeophycus, Lockeia and Protovirgularia are 
eurybathic, while Archaeonassa, Curvolithus and Psammi -
chnites mainly char ac ter ize shal low wa ter Cruziana ichnofacies,
but may also be pres ent in deeper sed i men ta tion zones. Only
Diplopodichnus has so far been de scribed from con ti nen tal and
near ma rine en vi ron ments from the Mermia and Scoyenia
ichnofacies (Lucas et al., 2004; Buatois and Mángano, 2011).
These ichnogenera, with the ex cep tion of Dictyodora and
Palaeophycus, oc cur spo rad i cally. Ac cord ing to Uchman and
Wetzel (2011), co-oc cur rence of deep-sea and shelf trace fos sils
may be caused by the trans port of trace-ma k ers by storm and
other cur rents from the shelf to the deep sea.

The Nereites ichnofacies, doc u mented from flysch de pos its
(Buatois and Mángano, 2011, and ref er ences therein), is char ac -
ter ized by a dom i nance of graphoglyptids and the pres ence of
so phis ti cated graz ing trails, feed ing traces and de posit feed ers,
the dom i nance of shal low-tier trace fos sils, very high

ichnodiversity and high ichnoabundance, but low den si ties of in -
di vid ual ichnotaxa. This char ac ter is tic re fers rather to the
Nereites ichnofacies from the Me so zoic–Ce no zoic. Some
ichnogenera and ichnofacies showed evo lu tion ary changes
through the Phanerozoic (Buatois and Mángano, 2011). For ex -
am ple, the evo lu tion ary trend of Dictyodora was man i fested by
in crease in the height of the wall, which led to an in crease in size
over all and in com plex ity (Benton, 1982). In con se quence, these
changes re sulted in in creased ef fi ciency of feed ing where food
dis tri bu tion was patchy (Seilacher, 1974). The Nereites
ichnofacies changed many times, in clud ing by pro gres sive size
de crease of its com po nents, in crease in di ver sity and in crease in
the de gree of com plex ity of some of the trace fos sils (Seilacher,
1974; Uchman, 2003, 2004). This ichnofacies oc curs over a wide 
bathymetric range (see ex am ples in Uchman and Wetzel, 2012). 
The deep-sea trace fos sils have of ten changed (e.g., in the di ver -
sity and con tri bu tion of grapho glyptids) through the Phanerozoic
(Uchman, 2003, 2004). Cam brian graphoglyptids are known only 
from shelf de pos its, whereas in the Or do vi cian this group col o -
nized the deep sea floor (Orr, 2001; Uchman and Wetzel, 2012).

The Dictyodora liebeana ichnoassemblage from the Wito -
szów mudstones with dom i nant D. liebeana (ex po sures Wit I,
Wit II and Wit IV) rep re sents the non-stan dard Nereites
ichnofacies (sub-ichnofacies Nereites, which is char ac ter is tic of 
mud-rich dis tal flysch; see Seilacher, 1974), be cause
graphoglyptids (a typ i cal com po nent of this ichnofacies) have
not yet been found in this re gion. One rea son for the ab sence of 
graphoglyptids may be be cause gen er ally the di ver sity and fre -
quency of this group are low from the Cam brian to the Mid dle
Ju ras sic (Uchman, 2003). An other ex pla na tion is that sed i men -
ta tion of mudstones from Witoszów took place in slightly shal -
lower con di tions than deep-ma rine, and so not con du cive to the 
de vel op ment of graphoglyptids, or the graphoglyptids were not
pre served.

Ac cord ing to Seilacher (1977), graphoglyptids are hol low
and they can eas ily be de stroyed by com pac tion and there fore
need spe cial con di tions for pres er va tion. They com monly oc cur 
in ar eas where the ero sional ef fects of tur bid ity cur rents are low
and bioturbation and tier ing of or gan isms within the sea-floor
sed i ments is re duced (Wetzel, 1984). Graphoglyptids rep re -
sent agrichnia and are the best ex am ple of K-se lected
ichnotaxa (see Ekdale, 1985), which are pro duced by an i mals
adapted to a sta ble en vi ron ment with low or mod er ate eco log i -
cal stress (Uchman and Wetzel, 2011). Ac cord ing to Hovikoski
et al. (2018), the oc cur rence of graphoglyptids is usu ally re -
ferred to sta ble uni form con di tions, while un sta ble
physico-chem i cal con di tions on the sea floor were lim it ing fac -
tors re spon si ble for the ab sence of this group of trace fos sils.
An ad di tional fac tor that pro tected the area from col o ni za tion by 
some, typ i cally deep-sea, trace mak ers, was iso la tion of the ba -
sin from the open ocean (Hovikoski et al., 2018).

The ab sence of graphoglyptids from this re gion sug gests
that these rocks were de pos ited rather in prodelta set tings than
on a ba sin plain. A sim i lar ichnoassemblage with Dictyodora,
Nereites, Zoophycos, mi cro bial mat struc tures and with out
graphoglyptids was de scribed from the Si lu rian pro-delta de -
pos its of Ar gen tina by Pazos (2015a, b). Ad di tion ally, rel a tively
nu mer ous plant re mains im plies not too great a dis tance from a
con ti nen tal area. It has been dem on strated that the Nereites
ichnofacies may ex tend into sub-neritic en vi ron ments dur ing
rapid shallowing (Uchman et al., 2004) and rel a tively shal -
low-wa ter delta-fed turbidite sys tems (Olivero et al., 2010).

The near est sites with Dictyodora liebeana are in the up per
Mis sis sip pian Szczawno For ma tion in the Intra-Sudetic Ba sin
(Muszer, 2013, 2020). How ever, this ichnotaxon is scarce there 
and the ichnoassemblages are dif fer ent with more shal low-ma -
rine ichnotaxa. For ex am ple, the Piaskowa Góra suc ces sion

Trace fos sils Wit I Wit II Wit III Wit IV

Archaeonassa fossulata +

Archaeonassa isp. + +

Chondrites cf. intricatus + +

Curvolithus sim plex + +

Dictyodora liebeana +++ +++ +++

Diplopodichnus biformis + +

Lockeia isp. +

?Lophoctenium isp. +

Nereites isp. + +

Palaeophycus tubularis ++ + ++ ++

Phycosiphon isp. + +

Protovirgularia isp. +

?Psammichnites isp. + +

Taenidium isp. +

Undichna cf. bri tan nica +

Zig zag struc tures +

+++ – very abun dant, ++ – abun dant, + – rare

T a  b l e  1

 List of trace fos sils from the Witoszów Górny re gion



(Muszer , 2020) was formed in an en vi ron ment in ter me di ate be -
tween a lower off shore zone (the dis tal Cruziana ichnofacies)
and a fan-delta slope (be low wave base, the Zoophycos
ichnofacies).

An ichnoassemblage de scribed by Orr et al. (1996) from the 
Lower Car bon if er ous of Menorca shows great sim i lar ity to the
ichnoassemblage de scribed from Witoszów. It oc curs in the
Culm sed i ments (mainly in sand stones, siltstones, mudstones)
in ter preted mostly as de pos its of an in ner- to mid-fan
palaeoenvironment. A di verse ichnofauna con tains D. liebe -
ana, Chondrites, Lophoctenium, Nereites, Neonereites, Arthro -
phycus, Phycosiphon, Tomaculum (for merly Syncoprulus). In
this ichnoassemblage, graphoglyptids are also ab sent.

A sim i lar ichnoassemblage with Dictyodora was de scribed
by Benton (1982) from the Lower Car bon if er ous of Thuringia. It
oc curs in rhyth mi cally lay ered black sapropelic mudstones and
greywackes (the Culm fa cies). This ichnoassemblage rep re -
sents the Nereites ichnofacies and con tains also Chondrites,
Lophoctenium, Protovirgularia and Nereites, but also Phyco -
siphon and the graphoglyptid Paleodictyon.

An other sim i lar Dictyodora-Nereites ichnoassemblage oc -
curs in the Car bon if er ous of the Carnic Alps (Baucon and Neto
de Carvalho, 2008) and is in ter preted as cor re spond ing to deep 
ma rine set tings as so ci ated with delta-front, or ganic-rich muds.
It in cludes Dictyodora, Nereites and Protopalaeodictyon as an
ac ces sory com po nent. Ad di tion ally, this fine-grained de posit is
also char ac ter ized by pres ence of plant re mains.

Two Car bon if er ous ichnoassemblages with Dictyodora
liebeana are also known from Moravia and Silesia (Zapletal and 
Pek, 1987; Mikuláš et al., 2002, 2004). In the first one, this
ichnospecies is ac com pa nied by the ichnogenera Chondrites,
Phycosiphon, Planolites, Spirodesmos, Falcichnites, Pilichnus, 
Protopaleodictyon and Zoophycos. The sec ond ichnoassem -
blage con tains, in ad di tion to Dictyodora, Diplocraterion,
Rhizocorallium, Cosmoraphe and Paleodictyon. Mikuláš et al.
(2002) also de scribed ichnofabrics of the Culm fa cies from
Moravia and Silesia, con tain ing D. liebeana.

The ichnoassemblage stud ied shows some sim i lar i ties (the
pres ence of Dictyodora liebeana, Nereites, Chondrites and
Phycosiphon) and dif fer ences (the lack of graphoglyptids) to
other Mis sis sip pian ichnoassemblages from the Eu ro pean
Culm fa cies. This may be the re sult of lim ited con nec tion of the
Œwiebodzice ba sin with the open ocean as well as un sta ble en -
vi ron men tal set tings caused by a rap idly sub sid ing ba sin (see
Nemec et al., 1980; Porêbski, 1981, 1987, 1990) in the Late
Visean–Serpukhovian.

The lithological fea tures of the mudstones (e.g., dark col our,
py rite con cre tions, lam i na tion) from Witoszów Górny, the pov erty
of ben thic and nektonic macrofauna and nu mer ous trace fos sils
typ i cal of the Nereites ichnofacies, but with out graphoglyptids, tes -
tify to their de po si tion in a deeper sed i men ta tion zone, be low
storm wave base, most likely in dysaerobic (and even an aer o bic),
pro-delta con di tions. Dom i na tion of de posit feed ers in the
Dictyodora ichnoassemblage and the ab sence of sus pen sion
feed ers in di cates a soft, easy-to-pen e trate and or ganic-rich sub -
strate.

CONCLUSIONS

This is the first com pre hen sive re port of trace fos sils from the
Pogorza³a For ma tion and the Œwiebodzice Unit. In four stud ied
ex po sures in Witoszów Górny, abun dant and mod er ately di verse 

(15 ichnospecies re ferred to 14 ichnogenera) ichnofauna were
dis cov ered and within them 1 ichnospecies of fish swim ming
trails. Wave rip ples in flu enced by mi cro bial mats and zig zag
struc tures were also found. The Dictyodora liebeana ichno -
assemblage, which oc curs in dark green grey mudstones in
three stud ied ex po sures (Wit I, Wit II and Wit IV) rep re sents the
non-stan dard Nereites ichnofacies (prob a bly Nereites
sub-ichnofacies) with out com plex agrichnial bur rows. An ab -
sence of graphoglyptids may be the re sult of many fac tors: (1)
low di ver sity and fre quency of this group, (2) shal lower con di -
tions, which were not con du cive to the de vel op ment of
graphoglyptids or their pres er va tion, (3) un sta ble con di tions
caused by the rap idly sub sid ing Œwiebodzice ba sin in the Late
Visean–Serpukhovian and (4) lim ited con nec tion of the ba sin
with the open ocean. D. liebeana has also been found in the
Lubiechów re gion (sam ple 41, coll. of Gunia, 1968). The
above-men tioned four oc cur rences of D. liebeana have a zonal,
lat i tu di nal course and are lo cated in the south of the Pogorza³a
block (Fig. 1).

Lithological fea tures of the mudstones, the pov erty of ben thic
and nektonic macrofauna, plant re mains and nu mer ous trace fos -
sils with out graphoglyptids in di cate de po si tion of these strata in a
deeper ma rine set tings, be low storm wave base, most likely in
dysaerobic (and even an aer o bic), pro-delta con di tions. A dom i na -
tion of de posit feed ers and ab sence of sus pen sion feed ers in the
ichnoassemblage de scribed in di cates a soft, or ganic-rich and
easy-to pen e trate mud sub strate. These mudstones rep re sent
dis tal flysch.

Among the trace fos sils listed, the most im por tant
stratigraphically is D. liebeana, which is an in dex for the Lower
Car bon if er ous (Uchman, 2004, 2007a). Oc cur rence of this
ichnospecies in the Serpukhovian of the neigh bour ing the
Intra-Sudetic Synclinorium (¯akowa, 1958; Muszer, 2013;
2020; Muszer et al., 2016) in di cates that it is re stricted to the
Mis sis sip pian. An other ichnospecies which ap peared in the
Car bon if er ous is Undichna bri tan nica (see Fill more et al., 2011;
Ronchi et al., 2018). The wide spread oc cur rence of D. liebeana
and pres ence of U. cf. bri tan nica in-situ in the re gion of Witoszów
Górny sup ports the lat est sug ges tions of Pluta and
Górecka-Nowak (2018) and pro vides ad di tional ev i dence for re fer -
ring the mudstones of the Pogorza³a For ma tion to the Mis sis sip -
pian.

Many re search ers have em pha sized the dif fi culty of strati -
graphic cor re la tion of the rocks build ing the Œwiebodzice Unit,
be cause of the lack of good biostratigraphic con trol, and of
wide spread cor re la tive ho ri zons (e.g., Teisseyre, 1956a;
Porêbski, 1981; Pluta and Górecka-Nowak, 2018). The re sults
of this ichnological study sug gest that one such cor re la tive ho ri -
zon may be the strata con tain ing Dictyodora liebeana. This
ichnospecies, re stricted to the Mis sis sip pian, is abun dant and
easy to rec og nize, es pe cially in the field.

Fur ther ichnological stud ies of the Pogorza³a For ma tion
(e.g., in the vi cin ity of Lubiechów), es pe cially of the mudstones
and sand stones, may pro vide ad di tional palaeoenvironmental
in for ma tion. Like wise, ichnological stud ies of the Pe³cznica For -
ma tion may be pro spec tive.
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