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IN TRO DUC TION

The Holy Cross Moun tains are sub di vided into the £y-
sogóry and Kielce re gions. The £ysogóry Re gion lies
within the £ysogóry Block, whereas the Kielce Re gion is
the north ern part of a larger, tec tonic block, called the
Ma³opolska Block (e.g., Bu³a, 2000; Cocks and Torsvik,
2005). The Ma³opolska and £ysogóry blocks were sit u ated
close to the Baltica palaeocontinent (Cocks and Torsvik,
2005; Malinowski et. al., 2005; Nawrocki and Poprawa,
2006). Ac cord ing to these au thors, the Ma³opolska Block
could have been a prox i mal terrane, al though oth ers have
sug gested an ex otic or i gin for the unit (e.g., Belka et al.,
2000). The study area is sit u ated in the south ern and west ern 
parts of the Kielce Re gion.

The Czarna Shale For ma tion was the sub ject of sev eral
pa pers, which fo cussed mainly on its fos sils and age (e.g.,
¯ak, 1966; Or³owski, 1987, 1988, 1992a, 1997; Lendzion
et. al., 1982; Kowalski, 1983; Kowalczewski et al., 1987,
2006; Kowalczewski, 1995, 1997). ¯akowa and Jagielska
(1970) de scribed rel a tively few skel e tal fos sils from the
Czarna Shale For ma tion re cov ered from the Bazów IG-1
bore hole, in clud ing gas tro pods, hyoliths, crus ta ceans, in ad -
di tion to al gae and incertae sedis. The de scrip tions of the
fos sils in cores from this bore hole were re vised by Lendzion 
et al. (1982), who re cog nised in ar tic u late brachi o pods, gas -
tro pods, hyoliths, crus ta ceans, trilobitoidea, acritarchs and
trace fos sils, in clud ing “Granularia”, Chondrites isp. and

un re cog nised traces. In de ter mi nate Merostomoidea, al gae
and di ver si fied acritarchs were de scribed by Kowalski
(1983). Or³owski and Waksmudzki (1986) de scribed new
species of hyoliths as skel e tal fos sils. Kowalczewski et al.
(2006) men tioned foraminifers, molluscs, and bradoroid and
anomalocarid ar thro pods as oc cur ring in this for ma tion.

Kowalski (1983, 1987) de scribed some trace fos sils
from the Czarna Shale For ma tion, in clud ing Agrichnium
isp., ?Bunyerichnus isp., Didymaulichnus, Laevicyclus isp.,
Monomorphichnus isp., Neonereites isp. (here in cluded in
Nereites), Oldhamia antiqua Kinahan, 1854, Palaeophycus
isp., Phycodes pedum Seilacher, 1955 (here in cluded in Tri- 
chophycus pedum), Planolites annularis Walcott, 1890, and
P. montanus Rich ter, 1937 (in ad di tion to P. ballandus
Webby, 1970 and P. nematus Kowalski, 1987, which here
are re garded as syn onyms of P. montanus). Or³owski
(1989) men tioned only Diplocraterion parallelum Torell,
1870, Planolites beverleyensis (Bill ings, 1862), P. monta-
nus Rich ter, 1937 and spec i mens, de scribed as Scolicia sp.
(pos si bly rep re sent ing Didymaulichnus isp. or Teichichnus
du plex Schlirf and Bromley, 2007). The pa pers cited above
con tain sys tem atic de scrip tions and data on the strati graphic 
range of these trace fos sils. 

The pur pose of this study is to de scribe new spec i mens
of trace fos sils from the Czarna Shale For ma tion, ex posed
in the vi cin ity of Kotuszów and ob served in sev eral cores in



the south ern and west ern parts of the Holy Cross Moun -
tains, and to crit i cally eval u ate the tax on omy of se lected
ichnofossils. The ichnofabric in dex (ii), with ref er ence to
the scale pro vided by Droser and Bottjer (1986), and sed i -
men tary struc tures, were also ana lysed. The spec i mens are
housed in the In sti tute of Geo log i cal Sci ences of the Jagie-
llonian Uni ver sity in Kraków. The ma te rial pre sented is a
part of a Ph. D. the sis on the ichnology of the lower Cam -
brian in the Holy Cross Moun tains (Stachacz, 2011).

EX PO SURES AND CORE DE SCRIP TIONS

Three ex po sures, de scribed be low, and three bore hole
cores were ana lysed. The ex po sures are lo cated near Kotu-
szów, on the banks of the Czarna Staszowska River (Fig. 1). 
The cores are housed in the ar chives of cores and geo log i cal 
sam ples of the Pol ish Geo log i cal In sti tute, Na tional Re -
search In sti tute (PGI), in Kielce. Three cores are from the

south of the Holy Cross Moun tains and one core co mes
from the west ern part of this re gion (Fig. 1). The Cam brian
rocks from the Miedzianka P-1 bore hole were de scribed as
the Czarna Shale For ma tion in the PGI ar chives. The cores,
which have not been lithostratigraphically and biostratigra-
phically clas si fied in the PGI ar chives, here are termed the
?Czarna Shale For ma tion and pos si bly rep re sent un de fined
mem bers of the for ma tion. Fur ther more, the Kotuszów IG-1 
core con tains silty-clayey, for the most part hor i zon tally
lam i nated shales of the Czarna Shale For ma tion, which also
were ex am ined. Un for tu nately, this core is bro ken into
small frag ments and a de tailed study of the struc tures and
fos sils is im pos si ble.

Kotuszów PKS (GPS co or di nates, WGS 84: N50°42’
40.5’’; E021°10’01.9’’). The ex po sure is lo cated in the
right bank of the river in the cen tre of Kotuszów vil lage,
along the road and op po site the bus stop (Fig. 1B). Strongly
weath ered, clayey and silty shales, brown ish in col our, are
ex posed. Iso lated, thin to me dium beds of siltstones oc cur
within the clayey and silty shales. In dis tinct hieroglyphs
sug gest a nor mal ar range ment of the beds, which dip ap -
prox i mately 36°/42°. This rocks are re fer able to the Kotu-
szów Shale Mem ber and make up the lower part of the
Czarna Shale For ma tion (Or³owski, 1975; Kowalczewski et
al., 1987; Kowalczewski, 1995). Clayey and silty shales in
this out crop are for the most part hor i zon tally lam i nated
(Fig. 2A). They do not con tain skel e tal fos sils; in stead they
yield frag ments of al gae, the trace fos sil Planolites and rare
bioturbation struc tures, in the form of mot tles; ferruginous
con cre tions of dif fer ent shape have also been en coun tered.

Kotuszów-Kurozwêki (GPS co or di nates, WGS 84:
N50°36’15.4’’; E021°21’35.0’’). The ex po sure is a small
pit in the es carp ment, on the south ern side of the Kotuszów- 
Kurozwêki road (Fig. 1B). A suc ces sion of thin- to me -
dium-bed ded (5–30 cm), hard siltstones, green in col our,
with in ter ca la tions of grey, clayey shales and about 1 m
thick, is ex posed there. Me chan i cal hieroglyphs in di cate
that the ar range ment of the beds is nor mal; the dip is ap -
prox i mately 43°/30°. These rocks were mis tak enly re ferred
by Kowalski (1983, 1987) to the Osiek Sand stone For ma -
tion (see also Kowalczewski, 1997). Gen er ally, the beds are
sharply de fined and non-bioturbated; pol ished sur faces and
thin sec tions re veal com bined wave-cur rent rip ples in the silt- 
stones, which re sem ble the small-scale, hummocky cross-
strat i fi ca tion (Fig. 2B, C), typ i cal of tempestites. How ever,
some beds of siltstone con tain rare and poorly pre served
trace fos sils, in clud ing Planolites montanus, un re cog nised,
pos si bly branched forms, and short, me chan i cal hieroglyphs 
on the soles of beds. Kowalski (1987) made ref er ence to the
trace fos sil Phycodes pedum Seilacher, 1955 (here in cluded
in Trichophycus pedum) from this out crop.

Jasieñ (GPS co or di nates, WGS 84: N50°36’37.8’’;
E021°04’53.3’’). This out crop is 4 m high and lo cated on
the mar gin of a meadow on the left bank of the river, about
200 m to the north-east of the bridge across the river Czarna
Staszowska, be tween the vil lages of Kotuszów and Jasieñ
(Fig. 1B). Mainly silty and clayey shales, brown ish on the
weath ered sur faces and ol ive-green on fresh frac ture sur -
faces, are ex posed. The ar range ment of the beds is nor mal,
on the ba sis of hieroglyphs, and the dip about 340°/20°. The
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Fig. 1. Lo cal ity maps. A – Lo cal i ties and sim pli fied geo log i cal
map of the Palaeozoic core of the Holy Cross Moun tains (ge ol ogy
ac cord ing to Or³owski, 1975; Mizerski et al., 1991 and ¯yliñska
and Szczepanik, 2009; sketch af ter Stachacz, 2012, mod i fied). B –
Top o graphic map of the Kotuszów area, show ing lo ca tion of ex po -
sures
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Fig. 2. Sed i men tary struc tures from out crops of Czarna Shale For ma tion. A – hor i zon tally lam i nated siltstone with few spec i mens of
Planolites (Pl), pol ished sur face per pen dic u lar to bed ding, Kotuszów PKS ex po sure. B, C – non-bioturbated tempestite with wave-cur rent 
rip ples; A – thin sec tion, B – pol ished sur face of bed, both cut per pen dic u lar to bed ding, Kotuszów-Kurozwêki ex po sure. D –
non-bioturbated (ii = 1), hor i zon tally lam i nated claystone, side view of per pen dic u lar to bed ding frac ture, core from Kotuszów IG-1 bore -
hole. E – al most to tally bioturbated (ii  = 5) siltstone, pol ished sur face per pen dic u lar to bed ding, Jasieñ ex po sure. F, G – low an gle and
riplle-cross-bed ded sand stones, pol ished sur faces of beds, cut per pen dic u lar to bed ding



shales con tain a few in ter ca lated beds of sand stones, which
are 420 cm thick. The shales also con tain oval con cre tions
and show a di ver si fied level of bioturbation (ichnofabric in -
dex ii = 15, Fig. 2D, E). The sand stones are mostly hor i zon -
tal- or cross-lam i nated (Fig. 2F, G), but in some places are
with out vis i ble sed i men tary struc tures. Skel e tal fos sils and
trace fos sils are rare and oc cur only in a few siltstone and
sand stone beds. Poorly pre served hyoliths and frag ments of
al gae were found here, in ad di tion to seven ichnotaxa. de -
scribed in the sys tem atic part. The Jasieñ sec tion and its
ichnological data are shown in Fig. 3.
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Fig. 3. Lithological col umn for Jasieñ ex po sure. Ichnofabric in -
dex ii ac cord ing to Droser and Bottjer (1986). Ex pla na tions also
ap pli ca ble to Fig. 4

Fig. 4. Lithological col umns of cores stud ied. A – Miedzianka
P-1 bore hole, B – NiedŸwice IG-1 bore hole, C – Skwirzowa IG-1
bore hole. Ichnofabric in dex ii ac cord ing to Droser and Bottjer
(1986). Ex pla na tions as in Fig. 3
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Fig. 5. Sed i men tary struc tures in cores from ?Czarna Shale For ma tion. A – partly bioturbated (ii = 3–4) siltstone, pol ished sur faces per -
pen dic u lar to bed ding, core from NiedŸwice IG–1 bore hole. B – non-bioturbated, hor i zon tally lam i nated siltstones, side view of frag ment
of core, NiedŸwice IG–1 bore hole. C, D – dark-grey and black, non-bioturbated siltstones, with thin lay ers of quartz arenite, side view of
frag ments of cores, Skwirzowa IG–1 bore hole



The Miedzianka P-1 core (see Fig. 1A) con tains the
Czarna Shale For ma tion from 13 to 52.7 m in depth. The
rocks form an isocline, with the beds in clined at 25–45° and
folded in the low er most part of the core. Heterolithic beds,
com posed of hor i zon tal-lam i nated, grey siltstones, in ter ca -
lated with 1–20 mm thick lay ers of quartz arenites, pre dom -
i nate. In the up per part of the core, ap prox i mately three
thick se ries of greywackes and a one thin bed of quartz
arenite oc cur. The siltstone is not bioturbated or only
slightly bioturbated, and its ichnofabric in dex (ii) does not
ex ceed 2. Trace fos sils are rare, al though a few ichnotaxa
have been ob served; they are de scribed in the sys tem atic
part of this ac count. The lithological col umn of the Mie-
dzianka P-1 bore hole with the cor re spond ing ichnological
data are shown in Fig. 4A.

The NiedŸwice IG-1 core (see Fig. 1A) con tains the
?Czarna Shale For ma tion from 8 to 51 m in depth. The rocks
form an isocline, al though some parts of the core ex hibit fold -
ing. Hor i zon tally lam i nated, dark-ol ive and grey, poorly
bioturbated siltstones pre dom i nate (Fig. 5A, B). In the up per
part of the core, two 1-m thick se ries of grey- wackes and one 
bed of quartz arenite, a few cm thick, oc cur. Some parts of
the core show more in tense bioturbation (ii < 4). The lith o -
logic sec tion of the NiedŸwice IG-1 bore hole and re lated
ichnological data are shown in Fig. 4B. A mod er ate num ber
of trace fos sils, con tain ing a few ichnotaxa, were ob served
and are de scribed in the sys tem atic part.

The Skwirzowa IG-1 bore hole (see Fig. 1A) con tains
the ?Czarna Shale For ma tion from 3 to 250 m in depth. The
rocks are in clined at dif fer ent an gles and strongly folded in
the greater part of the sec tion. Dark-grey, black and brown -
ish siltstones and silty-arenite heterolithic beds pre dom i nate 
(Fig. 5C, D). Less com mon are beds of greywackes, thin
and local ised beds of quartz arenites and clayey shales. The
en tire core is char ac ter ised by hor i zon tal lam i na tion with
only one sandy bed, show ing rip ple cross-lam i na tion. The
sed i ment is mostly non-bioturbated (ii =1), ex cept for a few
ho ri zons, where ii = 2–3. The trace fos sils are rare and only
a few spec i mens have been ob served. The lithological sec -
tion of the Skwirzowa IG-1 sec tion and the cor re spond ing
ichnological data are shown in Fig. 4C. 

OUT LINE OF LITHOSTRATIGRAPHY
AND BIOSTRA TIG RA PHY

The Cam brian Czarna Shale For ma tion of the Holy
Cross Moun tains con sists mainly of siltstones, the thick ness 
and age of which are poorly un der stood. Ac cord ing to
Or³owski (1975, 1987, 1992a, b), Mizerski et al. (1986) and 
Or³owski and Mizerski (1995), its thick ness ex ceeds 800 m. 
How ever, this value only re fers to the part of the for ma tion
that is seen in ex po sures and cores. The low er most part has
never been drilled and there fore the thick ness of the whole
for ma tion may be much greater (Kowalczewski et al.,
2006). Fur ther more, the rocks of the Czarna Shale For ma -
tion are strongly folded and pos si bly tec toni cally re peated
(Kowalczewski, 1997). The greater part of the Czarna Shale 
For ma tion does not con tain body fos sils and its age is un -
known.

Tra di tion ally, the Cam brian of the Holy Cross Group is
sub di vided into three se ries that are re ferred to the lower,
mid dle and up per parts of the Cam brian (e.g., Or³owski,
1975). The three fold sub di vi sion of the Cam brian is typ i cal
for the Baltica palaeocontinent (e.g., Bab cock and Peng,
2007). Ac cord ing to the lat est rec om men da tions of the In -
ter na tional Com mis sion on Stra tig ra phy, the Cam brian is
sub di vided into four se ries, some of which are not yet
named (e.g., Bab cock et. al., 2005; Bab cock and Peng,
2007). Re def i ni tion of the lower and mid dle Cam brian in
the Holy Cross Moun tains is com pli cated and def i ni tion of
the low er most Cam brian (Terreneuvian) may be im pos si ble
(¯yliñska and Szczepanik, 2008). How ever, ¯yliñska and
Szczepanik (2009) and Szczepanik (2010) adopted a four -
fold sub di vi sion of the Cam brian in the Holy Cross Moun -
tains and as sumed a pos si ble Terreneuvian and Se ries 2 age
for the Czarna Shale For ma tion.

Or³owski (1975, 1988, 1992a), Kowalski (1983, 1987)
and Or³owski and Waksmudzki (1986) as sumed a pre-
Holmia (Hyolithes-Allatheca Zone) age of the up per part of
the Czarna Shale For ma tion on the ba sis of dis cov er ies of
body fos sils. It is note wor thy that trace fos sils of ar thro pod
(?tri lo bite) or i gin (Monomorphichnus isp., see Kowalski,
1987) oc cur only in the up per most part of the Czarna Shale
For ma tion. Pos si bly this is one of the rea sons that the lower
part of for ma tion was con sid ered by these au thors to be re -
fer able to the pre-tri lo bit ic Cam brian. Ac cord ing to Kowal-
czewski (1990, 1995), the en tire Czarna Shale For ma tion
rep re sents the Lower Cam brian Holmia Zone. The pres ence 
of the ge nus Skiagia in acritarch as sem blages in di cates the
Holmia-Schmidtiellus and Protolenus-Issafeniella zones for 
this for ma tion in the Holy Cross Moun tains (Po¿aryski et
al., 1981; Kowalczewski et al., 1987, 2006). Prob a bly the
for ma tion rep re sents a larger strati graphic in ter val from the
Terreneuvian up to the Protolenus-Issafeniella Zone (Ko-
walczewski et al., 2006; Szczepanik and ¯yliñska, 2009;
Szczepanik, 2010).

On the ba sis of the ar range ment of beds and bib lio -
graph i cal data (Kowalczewski, 1995, 1997) be lieved that
the Kotuszów PKS and Kotuszów-Kurozwêki ex po sures
rep re sent the low er most, sur face part of the for ma tion,
known as the Kotuszów Shale Mem ber, whereas the Jasieñ
ex po sure prob a bly be longs to the top of the for ma tion. The
bore holes Miedzianka P-1, pos si bly both NiedŸwice IG-1
and Skwirzowa IG-1, rep re sent un de ter mined parts of the
Czarna Shale For ma tion. Bib lio graph i cal data on the
Czarna Shale For ma tion are in suf fi cient and there fore a pre -
cise age of the for ma tion re mains un known. In the pres ent
ac count, the en tire Czarna Shale For ma tion is re ferred to
pos si ble the Terreneuvian and un named Se ries 2 parts of the 
Cam brian.

SYS TEM ATIC DE SCRIP TION

The trace fos sils de scribed in the pres ent ac count were
sub di vided into morphogroups, as sug gested by Ksi¹¿kie-
wicz (1977), in clud ing sim ple, branched, spreite and spi ral
struc tures.
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Sim ple struc tures

Ichnogenus Planolites Nichol son, 1873

Di ag no sis. Un lined, rarely branched, straight or tor tu ous, smooth
sur face, ir reg u lar or annulated, cir cu lar or el lip ti cal in cross-sec -
tion, of vari able di men sions and con fig u ra tion; ho mo ge neous,
structureless in fill ings of bur rows, dif fer ing in li thol ogy from the
host rock (Pem ber ton and Frey, 1982; Stan ley and Pickerill,
1998).
Re marks. Planolites Nichol son, 1873 is mor pho log i cally very
sim i lar to Palaeophycus Hall, 1847. Dif fer ences be tween them
were for which de lin eated by Pem ber ton and Frey (1982), Fillion
and Pickerill (1990) and Keighley and Pickerill (1995). Planolites
is a very com mon struc ture, pro duced by worm-like de posit-feed -
ers in all fa cies (e.g., Pem ber ton and Frey, 1982; Fillion and
Pickerill, 1984).

Planolites montanus Rich ter, 1937
Fig. 6A

*1937 Planolites montanus sp. nov. – Rich ter, p. 151, figs. 1–5.
1970 Planolites ballandus sp. nov. – Webby, p. 95, fig.

14A–C.
1982 Planolites montanus Rich ter – Pem ber ton and Frey, p.

869, pls. 2.4, 7; 3.9; with the syn on ymy list.
1987 Planolites nematus isp. nov. – Kowalski, p. 25, pls. 2.1,

3; 5.3; 6.1–2.
1987 Planolites ballandus Webby, 1970 – Kowalski, p. 25,

pls. 2.3, 3.1, 4; 4.1; 5.4; 6. 1, 3.
1987 Planolites montanus Rich ter – Kowalski, p. 25, pl. 4.1.
1989 Planolites montanus Rich ter, 1937 – Or³owski, p. 216,

pl. 13.1–2.
1989 Planolites ballandus Webby, 1970 – Wal ter et al., p.

235, fig. 10D, F.
1999 Planolites montanus Rich ter, 1937 – Mizerski et al., p.

354, pl. 1.5a.
1999 Planolites montanus – MacNaughton and Narbonne, p.

108, fig. 7A.
2006 Planolites montanus Rich ter, 1937 – Gámez Vintaned et

al., p. 462, fig. 10.3a–b.

Ma te rial. Nu mer ous spec i mens ob served in the field, spec i mens
in the cores of the NiedŸwice IG-1 bore hole.
Di ag no sis. Rel a tively small, curved to con torted Planolites, less
than 5 mm in di am e ter (Pem ber ton and Frey, 1982; Fillion and
Pickerill, 1990).
De scrip tion. Spec i mens pre served as hypichnial semi-re lief rid-
ges or full-re lief, elon gate cyl in ders, which are straight or slightly
curved, cir cu lar or el lip ti cal in cross-sec tion, ob late in the ver ti cal
axis. The sur face of ridges or cyl in ders is smooth. They are 1–5
mm wide, un changed in the whole length, which is up to 20 mm.
Re marks. Some of the small spec i mens are dif fi cult to dis tin guish 
from small spec i mens of Palaeophycus tubularis Hall, 1847 (see
Pem ber ton and Frey, 1982).
Oc cur rence. Cam brian, Czarna Shale For ma tion: Chêciny, O³o-
wianka hill, bore hole 2 (Kowalski, 1987), Kotuszów, Jasieñ,
Kotuszów-Kurozwêki, ?bore hole NiedŸwice IG-1.

Planolites beverleyensis (Bill ings, 1862)
Fig. 6B

1982 Planolites beverleyensis (Bill ings, 1862) – Pem ber ton
and Frey, p. 866, pls. 1.7; 2.5, 8, 9; 5.8, 9; 3.1, 2, 7, 8; 5.1, 
2; with the syn on ymy list.

1989 Planolites beverleyensis (Bill ings, 1862) – Or³owski, p.
216, pl. 13.3, 4.

1989 Planolites beverleyensis (Bill ings, 1862) – Wal ter et al.,
p. 61, pls. 15.2–6, 16.1–6.

1996 Planolites beverleyensis (Bill ings, 1862) – Paczeœna, p.
235, fig. 10E, I.

1999 Planolites beverleyensis (Bill ings, 1862) – Mizerski et.
al., p. 354, pl. 1.1a, 5a.

Ma te rial. Eight spec i mens (INGUJ214P/Js29–37), nu mer ous spe- 
cimens ob served in the field. 
Di ag no sis. Rel a tively large, un lined, smooth, hor i zon tal to un du -
lant, straight to sin u ous, cy lin dri cal bur rows. The fill ing typ i cally
dif fers in col our from the sur round ing sed i ment (Frey and Brom-
ley, 1985).
De scrip tion. Spec i mens are pre served as hypichnial, slightly
curved ridges. The ridges are semi-cir cu lar or el lip ti cal in cross-
sec tion, the sur face is smooth. They are 5–10 mm wide, un -
changed in the en tire length, which reaches at least 60 mm.
Re marks. Some of the small spec i mens are dif fi cult to dis tin guish
from rep re sen ta tives of the ichnospecies Palaeophycus tubularis
Hall, 1847 (see: Pem ber ton and Frey, 1982).
Oc cur rence. Cam brian, Czarna Shale For ma tion: Jasieñ.

Ichnogenus Palaeophycus Hall, 1847

Di ag no sis. Es sen tially cy lin dri cal, pre dom i nantly hor i zon tal,
straight, slightly curved or un du lat ing, or na mented or smooth,
branched or un branched, lined bur row. Bi fur ca tions ir reg u lar,
with out swell ings. Fill ing typ i cally mas sive, sim i lar to the host
rock (com piled af ter: Pem ber ton and Frey, 1982; Fillion and
Pickerill, 1984, 1990; Keighley and Pickerill, 1995).
Re marks. Palaeophycus Hall, 1847 is mor pho log i cally very sim i -
lar to Planolites Nichol son, 1873. Re marks on the dif fer ences be -
tween these ichnogenera are pro vided by Pem ber ton and Frey
(1982), Fillion and Pickerill (1990) and Keighley and Pickerill
(1995). Palaeophycus is in ter preted as struc tures pro duced by de -
posit-feed ers or pred a tors, usu ally mov ing par al lel to the sed i ment
sur face (e.g., Pem ber ton and Frey, 1982).

Palaeophycus tubularis Hall, 1847
Fig. 6C

*1847 Palaeophycus tubularis sp. nov. – Hall, p. 7, pl. 2, figs.
1–2, 4–5.

1982 Palaeophycus tubularis Hall, 1847 – Pem ber ton and
Frey, p. 856, pls. 1.1, 2, 5, 6, 8, 10; 2.1; 3.3, 6; 4.5; with
the syn on ymy list.

1985 Palaeophycus tubularis Hall, 1847 – Crimes and An der -
son, p. 327, fig. 10.3.

1989 Palaeophycus tubularis Hall, 1847 – Or³owski, p. 217,
fig. 2, pl. 14.2–3.

1990 Palaeophycus tubularis Hall, 1847 – Fillion and
Pickerill, p. 45, pl. 11.3, 6–7.

1996 Palaeophycus tubularis Hall, 1847 – Or³owski and
¯yliñska, p. 392, fig. 4A–B. 

1996 Palaeophycus tubularis Hall, 1847 – Paczeœna, p. 58,
fig. 2, pl. 9.2.

1997 Palaeophycus tubularis Hall, 1847 – Jensen, p. 75, figs.
47A, C; 48A, C, D; 49.

2006 Palaeophycus tubularis Hall, 1847 – Gámez Vintaned et
al., p. 459, fig. 10: 5b.

Ma te rial. Three spec i mens ob served in the core from the Mie-
dzianka P-1 bore hole.
De scrip tion. Spec i mens pre served as hypichnial ridges on silt-
stone beds. Ridges are slightly curved, branched, cir cu lar to oval
in cross-sec tion. Their sur face is smooth and dis tinctly lined. The
en tire struc ture may be up to 70 mm long; in di vid ual branches are
25–40 mm long and 3–5 mm wide.
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Re marks. The spec i mens dis cussed are very sim i lar to the spec i -
men of P. tubularis from the Cam brian Ociesêki For ma tion, il lus -
trated by Or³owski (1989, fig. 2, pl. 14.2).
Oc cur rence. Cam brian, Czarna Shale For ma tion: Miedzianka P-1 
bore hole.

Ichnogenus Trichichnus Frey, 1970

Di ag no sis. Branched or un branched slen der, thread like, cy lin dri -
cal, straight or sin u ous bur row, less than 1 mm in di am e ter, ori -
ented at var i ous an gles (mostly ver ti cal) with re spect to bed ding.
Bur row walls dis tinct or in dis tinct, lined or un lined (Frey, 1970;
Fillion and Pickerill, 1990).

Re marks. The ichnogenus Trichichnus Frey, 1970 is in ter preted
as a domichnial struc ture of de posit-feed ers (Frey, 1970) or a
chemichnial struc ture, formed by chemosymbiontic or gan isms
(Uchman 1995, 1999). Trichichnus is com mon both in shal low-
and deep-ma rine en vi ron ments (e.g., Wetzel, 1981). More de tails
of the tax on omy and in ter pre ta tion of this ichnogenus are pro vided 
by Fillion and Pickerill (1990) and Uchman (1995, 1999).

Trichichnus linearis Frey, 1970
Fig. 6D, E

*1970 Trichichnus linearis Frey, n. sp. – Frey, p. 20, fig. 4A, pl. 
6.5–7.
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Fig. 6. Sim ple trace fos sils from Czarna Shale For ma tion. A – Planolites montanus Rich ter, 1937, pos i tive hyporelief on thin bed of
siltstone; NiedŸwice IG-1 bore hole. B – Planolites beverleyensis (Bill ings, 1862), pos i tive hyporelief on me dium bed of quartz arenite,
spec i men coated with am mo nium chlo ride, ING214P/Js37, Jasieñ. C – Palaeophycus tubularis Hall, 1847, pos i tive hyporelief on me dium 
bed of siltstone, Miedzianka P-1 bore hole. D, E – Trichichnus linearis Frey, 1970, endichnia in thin beds of siltstone, INGUJ214P/Js5–6,
Jasieñ. F – Didymaulichnus isp., pos i tive hyporelief from thin bed of siltstone, NiedŸwice IG-1 bore hole



1998 Trichichnus linearis Frey, 1970 – Uchman, p. 125, fig.
23.

Ma te rial. Two spec i mens (INGUJ214P/Js5–6).
Di ag no sis. Lined Trichichnus (Frey, 1970).
De scrip tion. Spec i mens pre served as exichnial full re lief, thread -
like, walled cyl in ders in beds of siltstones. The cyl in ders are ori -
ented at a low an gle with re spect to the bed ding or hor i zon tally.
Di am e ter of cyl in ders is un chang ing along the en tire length, ap -
prox i mately 0.3 mm. Frag ments of the spec i mens ana lysed are at
least 20–40 mm long. 
Re marks. The pres ence of dis tinct lin ing is a com monly ac cepted
di ag nos tic fea ture of T. linearis Frey, 1970 (e.g., Frey, 1970,
Uchman, 1998). How ever, Uchman (1999) pos tu lated that the
pres ence of lin ing is linked with diagenetic pro cesses and should
not be con sid ered as di ag nos tic for this ichnospecies. The pres ence 
of T. linearis in the Cam brian Czarna Shale For ma tion ex tends the
strati graphic range of this ichnospecies, know so far only from the
Or do vi cian (Fillion and Pickerill, 1990).
Oc cur rence. Cam brian, Czarna Shale For ma tion: Jasieñ.

Ichnogenus Didymaulichnus Young, 1972

Di ag no sis. Straight or gently curved, mod er ately deep, smooth
trail, which is bi sected lon gi tu di nally by a nar row fur row, if pre -
served as hyporelief (Young, 1972; Fillion and Pickerill, 1990).
Re marks. Didymaulichnus Young, 1972 is mor pho log i cally sim i -
lar to Cruziana d’Orbigny, 1842, but dif fers in the ab sence of
ridges (moulds of scratch marks), per pen dic u lar or oblique to the
axis (Young, 1972). Didymaulichnus is in ter preted as a lo co mo -
tion trail of gas tro pods (Hakes, 1976) or trilobites (Crimes, 1970).

Didymaulichnus isp.
Fig. 6F

Ma te rial. One cat a logued spec i men (INGUJ214P/Js27) and one
spec i men, ob served in the core of the NiedŸwice IG-1 bore hole.
De scrip tion. Pos i tive hyporeliefs, pre served as slightly con vex,
gently curved bilobate rib bons. The rib bons are el lip soi dal in
cross-sec tion, their sur face is smooth. In the me dian part of the rib -
bons, a dis tinct V-shaped, lon gi tu di nal fur row, about 1 mm deep,
is pres ent. The rib bon is at least 20–30 mm long and about 7 mm
wide.
Re marks. The mor phol ogy of the trails ana lysed cor re sponds to
the de scrip tion of the ichnogenus Didymaulichnus Young, 1972.
How ever, the state of pres er va tion does not per mit a more de tailed
de ter mi na tion.
Oc cur rence. Cam brian, Czarna Shale For ma tion: Jasieñ, ?Czarna
Shale For ma tion: NiedŸwice IG–1 bore hole.

Branched struc tures

Ichnogenus Phycodes Rich ter, 1850

Di ag no sis. Densely to loosely packed bun dle of tun nels. These are 
joined as a sin gle stem or tightly packed in the down ward-di rected, 
hor i zon tal, prox i mal parts. The bun dle is split and looser in the up -
ward-pen e trat ing, dis tal part (Uchman, 1998).
Re marks. The ichnogenus Buthotrephis Hall, 1852 has been re -
cently in cluded into Phycodes Rich ter, 1850 (e.g., Seilacher, 1955; 
Uchman, 1998). More de tails on the tax on omy of this ichnogenus
and its in ter pre ta tion were given e.g. by Seilacher (1955), Osgood
(1970), Fillion and Pickerill (1990) and Uchman (1998). Phycodes
was in ter preted as a dwell ing-feed ing struc ture, pro duced by de -
posit-feeder or gan isms, dur ing the pen e tra tion of nu tri ent-rich de -
pos its (Seilacher, 1955; Osgood, 1970; Fillion and Pickerill,
1990).

Phycodes circinatus Rich ter, 1853
Fig. 7A

1990 Phycodes circinatus Rich ter, 1853 – Fillion and Picke-
rill, p. 46, pl. 11.4, 9, 10.

1999 Phycodes palmatum (Hall, 1852) – Mizerski et al., p.
360, pl. 1.4.

2000 Phycodes circinatum Rich ter – Seilacher, p. 253, fig. 14; 
with the syn on ymy list.

Ma te rial. One spec i men ob served in the field, de stroyed dur ing
prep a ra tion.
Di ag no sis. Con vex hyporelief, on the sole of a bed, com posed of
tightly packed bun dles of retrusive spreite bod ies that spread and
curve back dis tally in a pal mate fash ion. Del i cate, trans verse cor -
ru ga tion can be pres ent. The pal mate, thin J- or U-shaped tubes are 
merged into the bed (slightly mod i fied from Seilacher, 2000).
De scrip tion. Pos i tive hyporelief, pre served as a short, hor i zon tal
cyl in der, is sub di vided into a bun dle, com posed of sev eral smaller
branches, ra di at ing from the same point. The branches are sim i lar
in length. The en tire struc ture is de vel oped in a hor i zon tal plane.
Some of the branches are curved and J-shaped. Branches are cir cu -
lar or slightly oval in cross-sec tion, their sur faces are smooth. The
branches are 2–5 mm wide; the lengths of in di vid ual branches
range be tween 30–70 mm.
Re marks. Very sim i lar spec i mens have been de scribed from the
Ociesêki Sand stone For ma tion by Mizerski et al. (1999) as Phy-
codes palmatus Hall. How ever, P. palmatus dif fers from P. circi-
natus in the much larger di am e ter and looser den sity of the shafts
(Fillion and Pickerill, 1990). The pres ence of P. circinatus in the
Cam brian Czarna Shale For ma tion ex tends the strati graphic range
of this ichnospecies, so far only known from the Or do vi cian (Sei-
lacher, 2000).
Oc cur rence. Cam brian, Czarna Shale For ma tion: Jasieñ.

Ichnogenus Treptichnus Miller, 1889

Di ag no sis. Sim ple or zig zag-shaped, straight or curved com plex
of seg ments, as so ci ated with ver ti cal or in clined tubes. The en tire
struc tures form a three-di men sional bur row sys tem. Joined points
of seg ments may ex hibit small pits or short, twig-like pro jec tions
(com plied af ter Buatois and Mángano, 1993; Geyer and Uchman,
1995; Schlirf, 2000).
Re marks. Treptichnus Miller, 1889 is sim i lar to Trichophycus
Miller and Dyer, 1878. Ac cord ing to Schlirf (2000), Treptichnus
con sists only of a sin gle tube, whereas Trichophycus is com posed
of a main tube, from which side tubes ram ify. Prob lems with the
tax on omy of Treptichnus and the sim i lar Trichophycus and Phy-
codes have been dis cussed in nu mer ous pa pers (e.g., Buatois and
Mángano, 1993; Geyer and Uchman, 1995; Jensen, 1997 and
Schlirf, 2000). Treptichnus is usu ally in ter preted as fodinichnial or 
agrichnial struc tures, pro duced by worm-like or gan isms (e.g.,
Buatois and Mángano, 1993).

Treptichnus rectangularis Or³owski and ¯yliñska, 1996
Fig. 7B

*1996 Treptichnus rectangularis isp. nov. – Or³owski and
¯yliñska, p. 392, figs. 3D, 5, 6.

2002 Treptichnus rectangularis Or³owski and ̄ yliñska, 1996
– Or³owski and ¯yliñska, p. 142, fig. 3g.

2008 Treptichnus rectangularis Or³owski and ̄ yliñska, 1996
– Paczeœna and ¯yliñska, p. 16, fig. 22.

2010 Treptichnus rectangularis Or³owski and ̄ yliñska, 1996
– Vannier et. al., p. 711, fig. 2B–E.

Ma te rial. One spec i men (INGUJ214P/NIg1).
Di ag no sis. Hor i zon tal bur rows, con sist ing of a sys tem of short,
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tube-like units, emerg ing al ter nately, or on the same side from the
periapertural part of the pre ced ing unit, and open ing ver ti cally to
the sur face. Units are ir reg u larly shaped and al most de void of or -
na men ta tion, de vel oped par al lel to the bed ding. The walls of bur -
rows may be re in forced by fae cal pel lets (slightly mod i fied from
Or³owski and ¯yliñska, 1996).
De scrip tion. A zig-zag endichnion, com posed of al ter nately ar -
ranged, hor i zon tal cyl in ders. In di vid ual cyl in ders are straight, in -
dis tinctly seg mented, cov ered by del i cate, lon gi tu di nal fur rows.
The seg ments are swol len at branch ing points. The cyl in ders are
cir cu lar to oval in cross sec tion; the an gle be tween branches is
about 60–90°. The en tire struc ture is about 60 mm long; an in di -
vid ual branch is about 30 mm long and 3 mm wide.
Re marks. The spec i men dis cussed here is sim i lar to some spec i -
mens, rep re sent ing Trichophycus pedum (Seilacher, 1955), but
dif fers in the pres ence of swell ings of the branch ing point. Ac cord -
ing to Dzik (2005) and Vannier et al. (2010), this ichnospecies was 
pro duced by priapulids or other worms, with lo co mo tive be hav -
iour, sim i lar to that of Re cent priapulids.
Oc cur rence. Cam brian, ?Czarna Shale For ma tion: NiedŸwice
IG-1 bore hole.

Ichnogenus Taenidium Heer, 1877

Di ag no sis. Var i ously ori ented, un lined, straight, curved or sin u -
ous, cy lin dri cal trace fos sil, con tain ing a seg mented fill, ar tic u -
lated by me nis cus-shaped part ings. Sec ond ary branches may be
pres ent, but true branch ing is ab sent (D’Alessandro and Bromley,
1987; Keighley and Pickerill, 1994).
Re marks. Taenidium Heer, 1877 is a meniscate struc ture with a
back fill, usu ally con sid ered to be pro duced by an an i mal, pro -

gress ing ax i ally through the sed i ment and de pos it ing al ter nat ing
pack ets of dif fer ently con sti tuted sed i ment be hind it, as it moves
for ward (Bromley et al., 1999). The tax on omy of this ichnogenus
and sim i lar ichnotaxa has been dis cussed by D’Alessandro and
Bromley (1987) and Keighley and Pickerill (1994).

?Taenidium isp.
Fig. 7C, D

Ma te rial. Three spec i mens (INGUJ214P/Js1–3).
De scrip tion. Elon gated, curved endichnia, com posed of densely
packed meniscate seg ments, the con vex ity of which is gen er ally
ori ented to wards one di rec tion. In a cross-sec tion of the whole
struc ture, the meniscate seg ments are cir cu lar; in some places their 
mar gin is ir reg u lar. In lon gi tu di nal sec tion, some seg ments are
slightly un du lated within the meniscate shape (Fig. 5D). Se ries of
seg ments are dif fer ently ori ented, but mostly spread along the hor -
i zon tal plane. The pre served struc tures are 30–100 mm long and
4–6 mm wide. Thick ness of in di vid ual seg ments 0.5–1 mm, dis -
tances be tween seg ments 0.51 mm. 
Re marks. The spec i mens dis cussed are ob served on pol ished sur -
faces in soft, silty shales. Cross-sec tions, made at var i ous ori en ta -
tions, show dif fer ent shapes of the meniscate seg ments. The speci-
mens de scribed may be a frag ment of a larger trace fos sil and the
com plete mor phol ogy of the whole struc ture is un known. Frag -
ments could be parts of e.g. Zoophycos. How ever, the state of pres -
er va tion does not per mit a more de tailed de ter mi na tion. The three-
di men sional ap pear ance of the bur row sug gests that the move ment 
of the or gan ism was not re lated to the sed i ment sur face.
Oc cur rence. Cam brian, Czarna Shale For ma tion: Jasieñ.
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Fig. 7. Branched trace fos sils from Czarna Shale For ma tion. A – Phycodes circinatus Rich ter, 1853, sketch of hypichnion on thin bed
of siltstone from Jasieñ ex po sure. B – Treptichnus rectangularis Or³owski and ¯yliñska, 1996, endichnion in thin bed of siltstone,
INGUJ214P/NIg1, NiedŸwice IG-1 bore hole. A, B – spec i mens coated with am mo nium chlo ride. C, D – ?Taenidium isp., endichnia in
thin beds of siltstone, view of pol ished sur faces, par al lel to bed ding, Jasieñ, INGUJ214P/Js2-3



Spreite struc tures

Ichnogenus Teichichnus Seilacher, 1955

Di ag no sis. Long, straight, sin u ous to zig zag-shaped, un branched
or branched, wall-like spreite struc tures, formed by ver ti cal dis -
place ment of hor i zon tal or oblique, erect to undulose tubes lack ing 
wall-lin ing, re sult ing in sin gle, gut ter-shaped or dou ble gut ter-
shaped spreite lamellae, as seen in trans verse cross-sec tion. Bio-
glyphs may be pres ent (Schlirf and Bromley, 2007). 
Re marks. Teichichnus was in tro duced by Seilacher (1955) for de -
scrib ing hor i zon tal, dwell ing-feed ing struc tures, in the form of
walls with par al lel laminae, made by de posit-feed ers, mov ing
within the de posit.

Teichichnus isp. A 
Fig. 8A, B

Ma te rial. One spec i men (INGUJ214P/MP1) in the core from of
the Miedzianka P-1 bore hole.
De scrip tion. Full re lief, elon gate, un branched, slightly wind ing
endichnion in siltstone, filled with sand. The trace fos sil is ir reg u -
lar in cross-sec tion at one ter mi na tion and close to a tra pe zium the
other ter mi na tion. The lower sur face of the trace fos sil is smooth
and slightly con vex. The up per sur face is ir reg u lar, dis tinctly con -
cave at one ter mi na tion. In dis tinct, flat tened, U-shaped spreite are
vis i ble in the cross-sec tion. The trace fos sil is at least 40 mm long,
15 mm wide and 15 mm high.
Re marks. The spec i men dis cussed dif fers from T. rectus Seila-
cher, 1955 in its an gu lar, in stead of U-shaped ter mi na tion in cross- 
sec tion. 
Oc cur rence. Cam brian, Czarna Shale For ma tion, Miedzianka P-1 
bore hole.

Teichichnus isp. B
Fig. 8C

Ma te rial. One frag ment of the core (INGUJ214P/Nd2) that con -
tains two spec i mens and two fur ther spec i mens, ob served in the
core from the NiedŸwice IG-1 bore hole. 
De scrip tion. Endichnia pre served as full re lief, elon gate wedges
in beds of siltstones, which are U-shaped or in verted, W-shaped in
cross-sec tion. The sur face is smooth. The spreite are dis tinctly vis -
i ble in cross-sec tion. Spec i men INGUJ214P/Nd2 (Fig. 6C) shows
two se ries of spreite, lat er ally dis placed, with re gard to each other.
The trace fos sils are at least 30–100 mm long, 9–50 mm wide and
10–70 mm high.
Re marks. One of the il lus trated spec i mens (INGUJ214P/Nd2;
Fig. 6C) con tains two lat er ally dis placed se ries of spreite only.
There fore it is not clear whether the vis i ble se ries rep re sent two
dif fer ent spec i mens or frag ments of a larger, branched struc ture.
These spec i mens are sim i lar to Teichichnus zig zag Frey and
Bromley, 1985, but the oc cur rence of only small frag ments of a
pos si bly larger struc ture does not per mit a more de tailed de ter mi -
na tion.
Oc cur rence. Cam brian, ?Czarna Shale For ma tion: NiedŸwice
IG-1 bore hole.

Ichnogenus Dictyodora Weiss, 1884

Di ag no sis. Three-di men sional spreite bur row, roughly con i cal,
ver ti cal to the bed ding; con i cal in ver ti cal plane; very thin spreite
with ex te rior sur face in dis tinctly stri ated. The struc tures form me -
an ders or spi rals, vis i ble on the bed ding plane, which cor re spond
to the in ter sec tion of the spreite wall with the bed ding sur face
(com piled af ter Häntzschel, 1975; Benton, 1982a; Baucon and
Neto de Carvalho, 2008).

Re marks. Dictyodora in cludes com pli cated struc tures, com posed
of a me an der ing, basal bur row and a dor sal, stri ated wall (e.g.,
Benton and Trewin, 1980). Some ichnospecies of this ichnogenus
pre vi ously were de scribed un der dif fer ent ichnogeneric names, in -
clud ing Myrianites for the ver ti cal wall and Crossopodia for the
basal bur row (Benton and Trewin, 1980; Benton, 1982a, b). Dic-
tyodora is in ter preted as me an der ing bur rows and trails pro duced
by worms or molluscs, ef fi ciently uti lis ing part of the sea bed as a
food source (Benton and Trewin, 1980). This ichnogenus is known 
from Cam brian (e.g., Seilacher, 1955, 1967) to Car bon if er ous
strata (e.g., Benton, 1982a; Baucon and Neto de Carvalho, 2008).
More de tails on the tax on omy and ethol ogy of Dictyodora have
been pro vided by Seilacher (1955, 1967), Benton and Trewin
(1980), and Benton (1982a, b).

?Dictyodora isp.
Fig. 8D–G

Ma te rial. Two spec i mens (INGUJ214P/Js21–22).
De scrip tion. Short frag ments of endichnia, pre served as sandy in -
fill ings in a siltstone bed, com posed of a basal bur row and a dor sal, 
ver ti cal crest (wall sensu Benton and Trewin, 1980 and Benton,
1982a). The basal bur row is an elon gated rib bon, gut ter-shaped in
cross-sec tion, es sen tially filled with quartz arenite. It in creases in
width in one di rec tion and re sem bles a wedge. The in fill ing of the
basal bur row is ho mo ge neous, in part in dis tinctly lam i nated. The
dor sal crest, vis i ble in the smaller spec i men, is curved or un du -
lated in cross-sec tion. The basal bur row to ver ti cal crest width ra -
tio is about 5. The basal bur row is 9–15 mm wide and 5–7 mm
high in the smaller spec i men, and 2040 mm wide and 2030 mm
high in the larger spec i men. The smaller spec i men is at least 40
mm long and the larger one is at least 70 mm long.
Re marks. The spec i mens de scribed are pre served only as small
frag ments of most prob a bly much larger struc tures, but they dis -
play fea tures, char ac ter is tic of Dictyodora. How ever, the state of
pres er va tion does not per mit a more de tailed de ter mi na tion.
Oc cur rence. Cam brian, Czarna Shale For ma tion: Jasieñ.

Spi ral struc tures

Ichnogenus Gyrolithes Saporta, 1884

Di ag no sis. Rarely branched, spi ral bur rows; he lix es sen tially ver -
ti cal, con sist ing of dextral, sinistral or re vers ing coils, which are
not in con tact (Bromley and Frey, 1974, Uchman and Hanken,
2012). 
Re marks. Spiroscolex Torell, 1870 is re garded as an older syn -
onym of Gyrolithes Saporta, 1884 (e.g., Jensen, 1997). De tails of
the tax on omy of Gyrolithes and sim i lar ichnotaxa are pro vided by
e.g., Bromley and Frey (1974) and Jensen (1997). Gyrolithes is in -
ter preted as a dwell ing-feed ing struc ture, pos si bly a con nec tion
be tween the sed i ment sur face and the nu tri ent-con tain ing layer
(Jensen, 1997). The morphometric pa ram e ters, based on bur row
width to whorl ra dius ra tio, have been pro posed by Uchman and
Hanken (2012) as di ag nos tic fea tures, among oth ers. The old est
ichnospecies of Gyrolithes are known from the Cam brian–Lower
Or do vi cian strata, but youn ger ichnospecies have been de scribed
from Perm ian–Mio cene strata (Uchman and Hanken, 2012).

Gyrolithes polonicus Fedonkin, 1981
Fig. 9A–C

*1981 Gyrolithes polonicus Fedonkin sp. nov. – Fedonkin, p.
80, pl. 22.1–5, 8.

1985 Gyrolithes polonicus Fedonkin, 1981 – Crimes and An -
der son, p. 32, fig. 6.7–8.
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1997 Gyrolithes polonicus Fedonkin, 1981 – Jensen, p. 51,
figs. 30, 34, 35, 36C–D, 64A–B; with the syn on ymy list.

2012 Gyrolithes polonicus Fedonkin, 1981 – Uchman and
Hanken (2012).

Ma te rial. One cat a logued spec i men (INGUJ214P/Js8) and one
spec i men, ob served in the core from the NiedŸwice IG-1 bore hole.
Di ag no sis. Gyrolithes with lo cal, per pen dic u lar striations. Bur row 
is 1–15 mm wide, ra dius of whorls is 1–19 mm. Usu ally only a few 

whorls are pres ent (emended di ag no sis of Uchman and Hanken,
2012).
De scrip tion. The trace fos sils ana lysed are rep re sented by two dif -
fer ent spec i mens. The first spec i men is pre served as an exichnion
siltstone, filled with sandy sed i ment, form ing a sin gle, spi ral bur -
row, with its axis per pen dic u lar to the bed ding sur faces. The spi ral
is short, tightly cork screw-like and coiled, with an in dis tinct wall.
The whorl ra dius is 4 mm, the bur row is about 5 mm wide. The
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Fig. 8. Spreite trace fos sils from Czarna Shale For ma tion. A, B – Teichichnus isp. A, pos i tive hypichnion on thin bed of siltstone,
INGUJ214P/MP1, A – view from the bed sole, spec i men ar rowed, B – side view of frac tured spec i men, Miedzianka P-1 bore hole. C –
Teichichnus isp. B, view of pol ished and oiled frag ment of core, INGUJ214P/Nd2, NiedŸwice IG-1 bore hole. D–G – ?Dictyodora isp.,
endichnia in thin beds of siltstone, Jasieñ, INGUJ214P/Js21-22. D, F – cross-sec tions, F – spec i mens with sketch of part of re con structed
wall, E, G – 3D re con struc tion of frag ments of spec i mens INGUJ214P/Js21–22; bb – basal bur row, dc – dor sal crest



sec ond spec i men is pre served in the form of dou ble, con nected
spi rals, with the axis per pen dic u lar to the bed ding sur face. In the
lat ter case, the spi rals are con nected in their lower part by partly
erected and elon gated, dis tinctly walled whorls. The whorl ra dius
is 2 mm, the bur row is 1.5 mm wide. The dis tance be tween the
con nected spi rals is 5 mm. 
Re marks. The two dif fer ent spec i mens are as signed here to G.
polonicus Fedonkin, 1981. Sim i lar spec i mens, com posed of two or 
more spi rals, de scribed as G. polonicus Fedonkin, 1981, are
known e.g. from the Cam brian of Swe den (Jensen, 1997). G.
polonicus oc curs mostly in the Cam brian. How ever, sin gle spec i -
mens have also been noted in the Lower Or do vi cian (Uchman and
Hanken, 2012). The di ag no sis for G. polonicus, pro posed by
Uchman and Hanken (2012), is emended herein, be cause the au -
thors sug gest a min i mal ra dius for the whorl of this ichnospecies as 
3.5 mm, whereas the di men sion of the spec i mens de scribed here is
only 2 mm. Sim i lar morphometric pa ram e ters are re vealed in the
small G. lorcaensis Uchman and Hanken, 2012 from the Mio cene
of Spain, which dif fers from the ichnospecies ana lysed in the ab -
sence of a wall (Uchman and Hanken, 2012). 
Oc cur rence. Cam brian, Czarna Shale For ma tion: Jasieñ. ?Czarna
Shale For ma tion, NiedŸwice IG-1 bore hole.

DIS CUS SION

Strata of the Czarna Shale For ma tion are char ac ter ised
by a low de gree of bioturbation in all the lo cal i ties and cores 
frag ments stud ied. Trace fos sils are gen er ally rare and their
di ver sity is low, with the prev a lence of hor i zon tal feed ing-
struc tures, typ i cal of the Cruziana ichnofacies sensu
Seilacher (1967) (Kowalski, 1987) or, more pre cisely, the
dis tal Cruziana ichnofacies (see Pem ber ton et. al., 2001).

Only ten ichnogenera and twelve ichnospecies are de -
scribed here from the Czarna Shale For ma tion, whereas
fifty ichnogenera and over eighty ichnospecies are known
from the en tire Cam brian of the Holy Cross Moun tains
(based on Kowalski, 1983, 1987; Or³owski, 1989, 1992b;
Or³owski and ¯yliñska, 2002; Stachacz, 2011, 2012). Most
of the known Cam brian trace fos sils of the Holy Cross
Mountains come from the Ociesêki Sand stone For ma tion
(e.g., Or³owski and ¯yliñska, 2002). High ichnotaxonomi-

cal di ver si fi ca tion within the sand stones of the Ociesêki
Sand stone For ma tion units re flects fa vour able, en vi ron -
men tal con di tions for the ben thic fauna, dur ing de po si tion
of the sands. En vi ron ments, dom i nated by silt and mud de -
po si tion, i.e. these of the Czarna Shale For ma tion and Ka-
mieniec Shale For ma tion, are char ac ter ised by as sem blages
of trace fos sils with low di ver si fi ca tion (Or³owski and ¯y-
liñska, 2002). How ever, Phycodes circinatus, ?Taenidium
isp., Trichichnus linearis and ?Dictyodora isp. of the Czar-
na Shale For ma tion are de scribed for the first time from the
Cam brian of the Holy Cross Moun tains. The pres ence of
Trichichnus linearis and P. circinatus in the Cam brian
Czarna Shale For ma tion ex tends the strati graphic ranges of
these ichnospecies, know so far only from the Or do vi cian
(see: Fillion and Pickerill, 1990; Seilacher, 2000).

Ac cord ing to Kowalski (1987) and the ob ser va tions
made dur ing this study, the abun dance of both body and
trace fos sils in creases to wards the top of the Czarna Shale
For ma tion and trace fos sils of ar thro pod (?trilobites) or i gin
ap pear in its up per most part. Smaller num bers of trace fos -
sils and their low di ver sity in the silty fa cies, as in the case
of the Czarna Shale For ma tion, re sulted from a deeper en vi -
ron ment of de po si tion and pos si bly from pe ri odic an oxia of
the sea bed, as sug gested by the dark col our of the sed i ment.

Kowalski (1987) pro posed a lit to ral, low-en ergy en vi -
ron ment of de po si tion, with max i mum depth of 30 m for the 
Czarna Shale For ma tion. Ac cord ing to Kowalczewski et al.
(2006), the silty-clayey sed i ments of the Czarna Shale For -
ma tion were de pos ited on a siliciclastic shelf, but did not
pro vide a depth for the ba sin of de po si tion. Or³owski (1989) 
men tioned pos si ble de po si tion of these sed i ments in deeper
en vi ron ments, re fer able to the Nereites ichnofacies. Malec
(1996) even pos tu lated a deep-wa ter, turbiditic en vi ron ment 
for the Czarna Shale For ma tion. How ever, there are no
Bouma se quences, typ i cal of turbidites (see Einsele and
Seilacher, 1991; Mo naco, 1996). 

The sedimentological and ichnological fea tures de -
scribed here sug gest de po si tion of the Czarna Shale For ma -
tion in the lower and up per off shore. This set ting is con -
firmed by clayey-silt-dom i nated de pos its, in cor po rat ing
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Fig. 9. Spi ral trace fos sils from Czarna Shale For ma tion. A–C – Gyrolithes polonicus Fedonkin, 1981, exichnia in thin beds of
siltstone. A – NiedŸwice IG-1 bore hole, side view; B, C – INGUJ214P/Js8, spec i men coated with am mo nium chlo ride, Jasieñ; B –
top-view, C – side-view



rare, iso lated beds with com bined wave-cur rent rip ples, re -
sem bling small- scale hummocky cross-strat i fi ca tion and
hor i zon tal, rip ple and low-an gle cross-lam i nated sand stones 
and siltstones, in ter preted here as dis tal tempestites (see
Einsele and Seilacher, 1991; Mo naco, 1996). Such sed i -
men tary struc tures, to gether with the trace fos sil as sem -
blages, are sim i lar to the off shore, siliciclastic de pos its in
the Cre ta ceous of North Amer ica, in ter preted by Pem ber ton
et al. (2001). The pres er va tion of thin, dis tal tempestites
was pos si ble, be cause the off shore, silty de pos its were less
in ten sively bioturbated, by com par i son with the Me so zoic
bas ins (Pem ber ton et al., 2001). The num ber of tempestites
in creases to ward the top of the for ma tion in the stratotype
area (Kotuszów and Jasieñ), which is taken to in di cate a
shallowing of the ba sin (Kowalczewski et. al., 1987).

CON CLU SIONS

The Czarna Shale For ma tion is dom i nated by non-bio-
turbated and slightly bioturbated clayey-siltstones that con -
tain rare silty and sandy tempestites 

Trace fos sils, oc cur ring in iso lated beds, are un com mon 
and poorly di ver si fied.

Twelve ichnotaxa in ten ichnogenera are re cog nised;
four ichnospecies and four ichnotaxa in open no men cla ture
from the Czarna Shale For ma tion are de scribed for the first
time.

Four ichnotaxa: Phycodes circinatus, ?Taenidium isp.,
Trichichnus linearis and ?Dictyodora isp. are de scribed
from the Cam brian of the Holy Cross Moun tains for the first 
time.

The strati graphic ranges of Trichichnus linearis and
Phycodes circinatus, pre vi ously known only from the Or do -
vi cian and youn ger strata, have been ex tended.

The Czarna Shale For ma tion was de pos ited in the up per 
and lower off shore, in close prox im ity to the storm wave
base. There may have been pe ri odic an oxia on the seafloor.
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