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Ab stract: The Co nia cian–?San to nian sili ci clas tic suc ces sion out cropped in a sand stone quarry at Ra kowice Ma³e
(¯er kowice Mem ber of the Ra kowice Wiel kie For ma tion, and the Czerna For ma tion in clud ing the Nowo grodziec
Mem ber; North Sudetic Ba sin, SW Po land) pro vides an in ter est ing ex am ple of paralic de pos its. Li tho fa cies and
ichno fos sil ex ami na tion in di cate coastal, la cus trine, paludal and la goonal sedi men ta tion. Valu able new data are
sup plied by trace fos sils, a fea ture not con sid ered yet in the lit era ture on the Up per Cre ta ceous of the North Sudetic 
Ba sin. Trace fos sils are over all abun dant in the up per part of  the Nowo grodziec Mem ber and over ly ing part of the
Czerna For ma tion. The fol low ing ich no genera: Tha lassi noi des, Ophio mor pha, As tero soma, Palaeo phycus, Pla-
no lites, Sko lithos, Teredo lites, Chon drites, Cy lin drich nus, Are nico lites, Ros se lia, Tei chich nus, Phy codes, Phy -
co siphon, and Schaub cy lin drich nus are rep re sented. The trace fos sils rep re sent the Sko lithos, Teredo lites and Cru- 
zi ana ichno fa cies. The Cruzi ana Ichno fa cies is typi fied by the rich est trace fos sil as sem blage char ac ter is tic of its
ar che typal, proxi mal and stressed ex pres sions.

An up per shoreface to fore shore ori gin of these sedi ments is docu mented us ing li tho fa cies and the ichno fos sils 
Ophio mor pha and Tha lassi noi des in the ex posed part of the ¯er kowice Mem ber. Domi nance of kao lin ite, lack of
bur rows and up ward pas sage into paludal de pos its is in ter preted to in di cate a la cus trine ori gin of varie gated clayey 
mud stone at the base of the Nowo grodziec Mem ber. The changes of de po si tional en vi ron ments are in ter preted as
re sult ing from sepa ra tion of the area from the open sea by a sand bar rier formed due to the ter mi na tion of the
forced re gres sion. Silt stones con tain ing plant roots and frag ments of drifted wood show ing the trace fos sil
Teredo lites clava tus, to gether with coal- seams con tain ing Tha lassi noi des isp., are as signed to in di cate a coastal
plain, paludal depo si tion of the over ly ing part of the Nowo grodziec Mem ber and in cur sion of ma rine wa ters. The
fin ing up ward se quence con sti tut ing the top part of the Nowo grodziec Mem ber and show ing al most ar che typal
Cruzi ana Ichno fa cies sub sti tuted by its ex pres sion in dica tive of highly stressed, brack ish con di tions are shown to
in di cate ex ten sive drown ing of the area and la goonal sedi men ta tion. Ter mi na tion of the drown ing, em bod ied in a
maxi mum flood ing sur face, is in di cated in a bed of coaly mud stone at the top of the Nowo grodziec Mem ber.
Sedi men ta tion on a pe ri odi cally pro graded brack ish bay shoreface is in ferred from li tho fa cies, ichno fos sils and
body fos sils for the de pos its over ly ing the Nowo grodziec Mem ber and top ping the ex am ined suc ces sion. The trace 
fos sils in di cate Cruzi ana Ichno fa cies and Sko lithos Ichno fa cies in the ex pres sion of slightly stressed en vi ron -
ments. The whole ex am ined part of the Czerna For ma tion is in ter preted as a fifth- order transgressive- regressive
cy cle.
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IN TRO DUC TION

The Cre ta ceous of the North Sudetic Ba sin (SW Po -
land) con sti tutes a rela tively well rec og nized sedi men tary
suc ces sion built by sili ci clas tic and car bon ate de pos its of

epi plat form ma rine and paralic ori gin (see Mile wicz, 1997). 
The rec og ni tion con cerns mainly gross li tho fa cies, body
fos sils, stra tigraphic ar chi tec ture and gen eral sedi ment ori -



gin, and en sues from in ves ti ga tions con ducted since the end
of the eight een cen tury. Such a long his tory of in ves ti ga -
tions is owed to pic tur esque land forms built by sand stones
of this suc ces sion and the eco nomic value of some of its
parts (build ing stone, kao lin). Data on body fos sils, li tho fa -
cies and stra tigraphic ar chi tec ture of the suc ces sion formed
the ba sis of pre vi ous in ter pre ta tions of sedi ment ori gin and
palaeo geog ra phy of the area. Re cent in ves ti ga tions by the
author re vealed some new in for ma tion on sedi men ta tion de -

vel op ment of the suc ces sion re corded par ticu larly in bio tur -
ba tion struc tures. The most in ter est ing data were col lected
in the ac tive sand stone quarry (Ra kowic zki Quarry) lo cated
in the vil lage of Ra kowice Ma³e (Fig. 1), mainly in the up -
per part of the suc ces sion frag ment crop ping out there,
which was in cluded by Ma zur and Mile wicz (1958) in the
San to nian (Nowo grodziec Mem ber, Czerna For ma tion
sensu Mile wicz, 1985). This quarry has been known for a
long time for ex pos ing the Up per Cre ta ceous sedi ments of
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Fig. 1. Geo graph ical and geo log i cal lo ca tion of the stud ied sec tion. A – Lo ca tion of the stud ied sec tion rel a tive to the North Sudetic
Ba sin and its sur round ings, with out Ce no zoic for ma tions, com piled af ter Milewicz (1997) and Po¿aryski et al. (1984). B – De tailed lo ca -
tion of the stud ied sec tion; com piled from Milewicz (1959) and Grocholski (1956)



ma rine and non- marine ori gin (see Dre scher, 1863; Scu pin,
1912–1913; Mile wicz, 1956; Ma zur & Mile wicz, 1958).

This pa per (1) shows fea tures of the Cre ta ceous sedi -
men tary suc ces sion out crop ping in the quarry, with par ticu -
lar ref er ence to bio tur ba tion struc tures, and (2) in ter prets
the de po si tional en vi ron ment on the ba sis of li tho fa cies and
trace fos sils. Sea re treat fol lowed by new drown ing of the
area and con se quent en vi ron mental changes rang ing from
lacustrine- paludal to coastal ma rine are de scribed. The ich -
no logi cal rec ord of the in cur sion of ma rine wa ters is dem -
on strated. Some data on li tho fa cies and trace fos sils of the
sand stone unit that con sti tutes the lower part of the in ves ti -
gated suc ces sion frag ment (¯er kowice Mem ber, Ra kowice
Wiel kie For ma tion, sensu Mile wicz, 1985) were col lected
in the neigh bour ing quarry lo cated 2 km east, at the vil lage
of ¯er kowice. This pa per pro vides the first study of these
de pos its, which broadly con sid ers ich no logi cal fea tures.

LO CA TION AND STRA TIG RA PHY

The stud ied sec tion is lo cated in south west ern Po land,
north of the Sudetes Moun tains, ca. 7 km north of the town
of Lwówek Œl¹ski, in the south east ern part of the North
Sudetic Ba sin (Fig. 1). The North Sudetic Ba sin rep re sents
one of sev eral bas ins de vel oped in the mid-Cre ta ceous
times within and around the Bo he mian Mas sif, due to a
stress field gen er ated by rel a tive move ments of the Af ri can
and Eu ro pean plates. The bas ins were formed through re ac -
ti va tion of older, mainly Variscan shear zones dis sect ing the 
Bo he mian Mas sif and its pe riph er ies. The North Sudetic

Ba sin forms a south east ern continuation of the East Bran-
denburg Ba sin.

The Cre ta ceous suc ces sion forms the youn gest part of a
dis con tin u ous sed i men tary infill of the North Sudetic Ba sin. 
The suc ces sion com prises Cenomanian through Santonian
sand stones, marlstones and mudstones with some ad mix ture 
of other rock types, pri mar ily lime stones (see Milewicz,
1997). The de pos its show dis tinct ver ti cal and lat eral vari -
abil ity (Fig. 2) dis cerned fi nally through drillings. Strati -
graphic ar chi tec ture of the suc ces sion has been var i ously in -
ter preted (see Milewicz, 1997). The Ger man ge ol o gists who 
in ves ti gated these rocks first, termed the sand stone units
Quadersandstein (Beyrich, 1849), i.e. sim i larly as equiv a -
lent units of other re gions. The cur rent lithostratigraphy was 
pro posed by Milewicz (1985), who sub di vided the suc ces -
sion into three for ma tions. The lower part of the suc ces sion,
that em brac ing the sand stone units to gether with marlstones 
sep a rat ing and co eval with the sand stones, as well as co eval
lime stones, was dis tin guished as the Rakowice Wielkie For -
ma tion. The sand stone units were clas si fied as sep a rate
mem bers. The up per one, form ing the base of the sec tion in -
ves ti gated in this pa per, was named the ̄ erkowice Mem ber. 
The over ly ing de pos its, char ac ter ised by noncalcareous
fine-grained com po nents, were sub di vided into two lat er -
ally equiv a lent for ma tions called re spec tively the Wêgliniec 
For ma tion and the Czerna For ma tion. The for mer is char ac -
ter ised al most ex clu sively by mudstones, whereas the lat ter
com prises sand stones with in ter ca la tions of clays and thin
coal seams. The low er most part of the Czerna For ma tion, 2
to 50 m thick, dom i nated by clays, was dis tin guished as the
Nowogrodziec Mem ber. The Nowogrodziec Mem ber oc cu -
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Fig. 2. Strati graphic scheme of the Cre ta ceous in the ax ial crossection of the North Sudetic Ba sin. Lithostratigraphy af ter Milewicz
(1997), chronostratigraphy af ter Walaszczyk (2008). Ac cord ing to Milewicz (1997), the lower bound ary of the Czerna For ma tion and
Wêgliniec For ma tion is lo cated at the Coniacian/Santonian bound ary



pies the south east ern part of the North Sudetic Ba sin, east of 
the Kwisa river (see Milewicz, 1965). This mem ber, to -
gether with sev eral metres of the over ly ing Czerna For ma -
tion, are the main ob ject of this study.

The first new fan gled dat ing of the whole Cre ta ceous of
the North Sudetic Ba sin was pro posed al ready in the mid dle
of the 19th cen tury by Bey rich (1855). He in ter preted the
suc ces sion as Ce no ma nian–Senonian. Mile wicz (1958)
sug gested a San to nian age for the up per part of the suc ces -
sion em brac ing the later dis tin guished Czerna For ma tion
and Wêgliniec For ma tion. Krutzsch (1966) speci fied the
age of this part of the suc ces sion as lower San to nian. Mile -
wicz (1956, 1979) sug gested oc cur rence of a hia tus em brac -
ing the up per Emsche rian (up per Co nia cian ac cord ing to
Mile wicz, 1997) in the south east ern part of ba sin, that is, in
the area where the sand stone unit, later called the ̄ er kowice 
Mem ber, is over lain by de pos its dis tin guished later as the
Nowo grodziec Mem ber. Ac cord ing to the data pre sented by 
Mile wicz (1956), the site de scribed in this pa per also be -
longs to this area.

Slightly dif fer ent chro nos tra tigra phy of the suc ces sion
in ques tion has been re cently in di cated by Wa laszc zyk
(2008). The bound ary be tween the Ra kowice Wiel kie For -
ma tion and the over ly ing for ma tions has been lo cated at the
mid dle/up per Co nia cian tran si tion. The Co nia cian/San to -
nian bound ary has been placed in the mid dle of the Czerna
and Wêgl iniec For ma tions. Nev er the less, the dis tri bu tion of 
the San to nian has been shown ac cord ing to Mile wicz
(1997) with one un clear ex cep tion of a small area along the
Bóbr river. The hia tus has been shown to be en tirely mid dle
Co nia cian. Un for tu nately, the changes have not been com -
mented in the pa per, and there fore, in this pa per, chro nos tra -
tigra phy pro posed by Mile wicz (1985) is used but is an -
nexed with ques tion marks. One has to note that in the stra -
tigraphic scheme in di cated by Wa laszc zyk (2008), marl -
stones ex tend over the whole ¯er kowice Mem ber, whereas
Mile wicz (1997) has shown that in the south east ern part of
the North Sudetic Ba sin, the ¯er kowice Mem ber is over lain
with a hia tus by non cal care ous fine- grained de pos its of the
Nowo grodziec Mem ber. The pa per will dem on strate that it
is Mile wic z’s opin ion which is here cor rect.

The whole Cre ta ceous suc ces sion of the North Sudetic
Ba sin is as much as 1300 m thick (Mile wicz, 1991). Its
great est thick ness is re corded in the cen tral part of the ba sin. 
The de pos its rest trans gres sively on Tri as sic de pos its,
mainly on the Bunt sand stein. Only in the Wleñ Gra ben
(south east of Lwówek Œl¹ski), the Cre ta ceous strata over lie
Rot lieg en des and older Pa laeo zoic rocks (see Mile wicz,
1997). The sec tion stud ied in this pa per is lo cated at the
south ern bor der of the area oc cu pied by de pos its in ter preted 
by Mile wicz (1958) as San to nian in age.

DEPOSITIONAL SET TING
AND PALAEO GE OGRA PHY:

PRE VI OUS IN TER PRE TA TIONS

The Cre ta ceous of the North Sudetic Ba sin has been
known since the 19th cen tury as of ma rine and paralic ori -
gin. The in ter pre ta tions were based mainly on li tho fa cies

and body fos sils. A ma rine ori gin was in di cated for the de -
pos its of the re cently named Ra kowice Wiel kie For ma tion
and the Wêgliniec For ma tion (see Mile wicz, 1997). Later
on, the sand stone units of the Ra kowice Wiel kie For ma tion
were in ter preted as laid down in shoreface to fore shore en -
vi ron ments whereas an off shore set ting was in di cated for
the units domi nated by marl stones, lime stones and mud -
stones. La cus trine and swamp sedi ments were rec og nised in 
the Nowo grodziec Mem ber, and a del taic to al lu vial mi lieu
was sug gested for the over ly ing part of the Czerna For ma -
tion (see Mile wicz, 1997).

Data on stra tig ra phy, gath ered through out the long pe -
riod of in ves ti ga tion, show that sed i men ta tion of the North
Sudetic Cre ta ceous be gan dur ing the world wide Cenoma-
nian trans gres sion and con tin ued at least un til the mid dle
Santonian (see Milewicz, 1997; Walaszczyk, 2008). The
stratigraphic ar chi tec ture of the de pos its has been in ter -
preted since the be gin ning of the 20th cen tury as re flect ing
palaeogeographic changes of the re gion. Partsch (1896)
sug gested con nec tion of the North Sudetic Ba sin with the
Bo he mian Ba sin dur ing the Late Cre ta ceous. Scupin (1910)
ar gued that de po si tion of the Cre ta ceous de pos its of the
North Sudetic Ba sin took place in a south east-north west
trending ba sin (North Sudetic Ba sin) bor dered by el e vated
ar eas form ing is lands to the north east and south west. The
el e vated ar eas were called by him, re spec tively, Ostsudeti-
sche Landmasse and Riesengebirgsinsel. He also ad vo cated
con nec tion of the North Sudetic Ba sin with the Cen tral
Sudetic Ba sin (Intrasudetic Ba sin) since the late Cenoma-
nian. Later on, Scupin (1912–1913) rec og nized pas sage of
sandy de pos its into marlstones to the north west of the ba sin, 
and con se quently in di cated the di rec tion of ba sin deep en -
ing. Andert (1934) also pointed out two land masses in the
Sudetes dur ing the sed i men ta tion of the Sudetic Cre ta ceous
de pos its. How ever, the land mass in di cated as bor der ing the 
North Sudetic ba sin on south west was sug gested to con sist
of two is lands, called by him re spec tively Lausitz Insel and
Riesengebirges Insel. The other one was in di cated as a
small is land lo cated south east of the North Sudetic Ba sin
and em brac ing a small part of the area in ferred by Scupin
(1910) to con sti tute the Ostsudetische Landmasse. This is -
land was called by the author the Eulengebirges Insel. In the 
same paper, Andert also indicated complete drowning of the 
islands periodically.

Ac tu ally, the frame work of palaeo ge ogra phy sug gested 
by Scupin (1910) re mains still valid. Sub se quent changes
re sulted from some al ter ations of stra tig ra phy and new data
on fa cies dis tri bu tion in the suc ces sion. In di ca tion of a hi a -
tus em brac ing the up per Coniacian in the south east ern part
of the ba sin (Milewicz, 1956), as well as new data on stra -
tig ra phy and fa cies dis tri bu tion gained from the north west -
ern part of the ba sin (Milewicz, 1965, 1966, 1973; Milewicz 
et al., 1968) were of par tic u lar sig nif i cance. Milewicz
(1997) sug gested a northwestward re treat of the sea, al most
from the whole ba sin, dur ing fi nal stages of sed i men ta tion
of the ¯erkowice Mem ber. The emerged area was claimed
to be eroded dur ing the late Coniacian. The over ly ing de -
pos its of the Czerna For ma tion were in ter preted by Mile-
wicz (1958) as de pos ited since be gin ning of the Santonian.
Ac cord ing to Walaszczyk (2008), the hi a tus em braced only
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part of the mid dle Coniacian. The new sed i men ta tion ep i -
sode started with de pos its in ter preted ear lier as lac us trine
(Milewicz, 1956, 1965, 1970, 1997), and then as paludal
(Milewicz, 2006). This type of sed i men ta tion was fol lowed
by brack ish ma rine and deltaic de pos its ac cu mu lated at least 
un til the mid dle Santonian (Milewicz, 1956, 1965, 1970,
1997, 2006). The Ostsudetische Landmasse is now called
East Sudetic Is land, whereas the Riesengebirgsinsel is
called West Sudetic Is land. Musstow (1968) pointed out the 
con nec tion of the North Sudetic Ba sin with the East Bran-
denburg Ba sin for the whole du ra tion of the north Sudetic
Cre ta ceous sed i men ta tion. In gen eral, the pre vi ous pa pers
show that the strati graphic ar chi tec ture of the North Sudetic
Cre ta ceous re flects an in ter play be tween sed i ment sup ply,
ac com mo da tion space and eustasy. Ac cord ing to Milewicz
(1997), the Coniacian–Santonian de pos its of the North
Sudetic Ba sin rep re sent the top part of a re gres sive phase of
a transgressive-re gres sive cy cle (T-R cy cle) and basal part
of a transgressive phase of a next T-R cy cle. Walaszczyk
(2008) sug gested that the Cre ta ceous of the North Sudetic
Ba sin rep re sents one ma jor T-R cy cle con sist ing of sev eral
mi nor, not yet de fined cy cles. The Czerna Formation and
Wêgliniec Formation were considered in that paper to re-
pres ent the final, complex regressive phase of the minor
transgressive-regressive cycles.

METH ODS

The suc ces sion was ana lysed mac ro scop i cally for rock
fea tures in the whole quarry and logged in de tail in sev eral
sec tions. De pend ing on char ac ter, the rock fea tures were
mea sured, de scribed and pho to graphed. The de scrip tion in -
cluded bioturbation style and in ten sity, trace fos sil as sem -
blage, in ter re la tions and re la tions to sed i ment. Trace fos sils
as well as ichnofabric were ex am ined on rock sur faces, both 
bed ding-par al lel and oblique, lev eled with knife and spat -
ula. Highly bioturbated soft, coaly mudstone (rash) grad ing
to sand stone, lo cated at the pas sage from the Nowogrodziec
Mem ber to the over ly ing part of the Czerna For ma tion was
in ves ti gated for ichnofabric and trace fos sil fea tures
through grad ual re mov ing of sed i ment from a sur face of ca.
80 cm2 in a 35 cm thick di vi sion. Trace fos sils were de ter -
mined mainly at the ichnogenus level as most of them were
re corded in cross-sec tions only. Ichnotaxa de ter mined at the 
ichnogenus level are men tioned in the text as for ex am ple,
Thalassinoides isp. indet. Field work was carried out in the
years 2007–2009.

Clayey mudstone from the low er most bed of the Nowo- 
grodziec Mem ber was in ves ti gated for min eral com po si tion
us ing the XRD method, in three sam ples, at the In sti tute of
Geo log i cal Sci ences, Jagiellonian Uni ver sity. Mudstone at
the top of Nowogrodziec Mem ber as well as mudstone from 
the over ly ing part of the Czerna For ma tion were in ves ti -
gated in 5 sam ples for microfossils. The in ves ti ga tions were 
per formed in sam ples dis in te grated through im mer sion in
wa ter so lu tion of Glau ber’s salt and re peated crystallisation
and so lu tion of salt and then washed with tap water on a
0.09 mm sieve.

RE SULTS

Gen eral char ac ter is tics of the sed i men tary suc ces sion

The Cre ta ceous de pos its out crop ping in the quarry at
Rakowice Ma³e in clude a sed i men tary suc ces sion some 25
m thick (Figs 3A, 4). Its lower half is com posed of mas sive
sand stone that con sti tutes the proper goal of lo cal min ing
and rep re sents the ¯erkowice Mem ber. The sand stone
shows ver ti cal joint ing with small dis lo ca tions and open
frac tures. The over ly ing half of the suc ces sion, be ing the
main ob ject of this study, oc curs ex clu sively in the north ern
wall of the quarry. It is com posed of claystones, mudstones,
siltstones and sand stones, and three thin coal seams. The de -
pos its show small lat eral fa cies changes. They rep re sent the
Czerna For ma tion. Their lower part, 5.5 m thick, reach ing
up to the top of a 1 m thick mudstone bed, rep re sents the
Nowogrodziec Mem ber. The en tire suc ces sion dips gently
(10°) to the north. It is ex posed here nearly along strike, for
a dis tance of about 200 m. How ever, the west ern part of the
quarry be came a waste rock damp and the lower part of the
suc ces sion be comes grad u ally bur ied. The suc ces sion is
undeformed, ex cept for a du plex struc ture in the lower half
of the Nowogrodziec Mem ber (Fig. 3A, B). More over, two
closely spaced thrust faults em brac ing the up per half of the
Nowogrodziec Mem ber oc cur in the west ern sec tor of the
quarry (Fig. 3C). Fault planes, both in the du plex and the
thrust faults are in clined to the north west, that is, along the
strike. The du plex was de scribed by Milewicz (1956) as a
fos sil slump re sult ing from synsedimentary west ward tilt ing 
of the area.

De tailed sedimentological and ichnological de scrip tion

The ¯erkowice Mem ber
The sand stone of the ¯erkowice Mem ber (unit 1 in Fig.

4) is fine to me dium-grained, subordinately coarse-grained,
light grey to light or ange, quartzose, weakly ce mented
arenite. It is mas sive to faintly par al lel-strat i fied and large-
scale cross-strat i fied (Fig. 5). Strat i fi ca tion is ap par ent al -
most ex clu sively on weath ered sur faces lo cated ca. 1 m be -
low the top of the mem ber. Cross-strat i fi ca tion oc curs in
sets 20 to 30 cm thick, which re veal high-an gle to low-an -
gle, trough and tab u lar va ri et ies (Fig. 5C, D). Strat i fi ca tion
is marked by mi nor change in grain size. Foresets dip
mainly to the south and south east. Care ful in spec tion of
rock walls al lows one to rec og nize the oc cur rence of var i -
ous-scale ero sional sur faces ran domly dis trib uted in the
suc ces sion.

Bed ding sur faces cov ered with bioturbation struc tures
were re corded in four loose sand stone blocks. These were
ex clu sively dis persed hor i zon tal bur rows. In three blocks,
these were bur rows de ter mined as Thalassinoides isp. (Fig.
6A). They were 8–10 mm wide and dis played Y-shaped and 
T-shaped branch ing. In some places, the bur row wall
showed knobby pro tru sions. In one block, struc tures in a
form of ir reg u larly out lined, con vex up ward lumps, 1 to 5
cm in cross sec tion were re corded (Fig. 6B). More over, one
ver ti cal Ophiomorpha nodosa Lundgren, 1891 was re -
corded in the sand stone in situ. In the neigh bour ing quarry
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at ¯erkowice, the sand stone is richer in trace fos sils and
their vari abil ity is higher there. Most dis tinct are there hor i -
zon tal bur row sys tems of Thalassinoides isp. and Ophio-
morpha nodosa. In to tal, the trace fos sil as sem blage re -
corded in the ex am ined de pos its rep re sents the Skolithos
Ichnofacies in its ex pres sion in dic a tive of stressed en vi ron -
ments. The as sem blage dom i nated by hor i zon tal bur rows
in clud ing the ichnogenera Ophiomorpha and Thalassi-
noides in fer the Skolithos Ichnofacies in its dis tal ex pres sion 
(see MacEachern et al., 2007a).

The top of the ¯erkowice Sand stone Mem ber is sharp,
gen er ally flat and cov ered with or ange-brown iron stone (li -
mo nite) crust, as much as 3 cm thick. This crust passes
down ward into an ir reg u lar zone of or ange to yel low stained 
sand stone, up to 15 cm thick (Fig. 7). In one place, a 40 cm
thick, top part of the sand stone ap peared to dis play faint
cross-strat i fi ca tion. In other places, the top part of the sand -
stone ap peared to show slightly more ir reg u lar tex ture than
that of the lower-lying part.

The Nowogrodziec Mem ber
The iron stone crust is over lain by clayey mudstone

com menc ing the Nowogrodziec Mem ber of the Czerna For -
ma tion (unit 2 in Fig. 4). The mudstone forms a 0.65 m thick 
bed show ing white, light-grey, cherry-red and rusty band -
ing, streak ing and mot tling that ex tends gen er ally par al lel to 
bed ding. White mudstone, 13–15 cm thick, rests im me di -
ately on the iron stone crust and is merged with it by a 1 cm
thick tran si tion zone. The white mudstone is over lain by a
sev eral centi metres thick pur ple-red band. The pur ple-red
mudstone within a small flex ure dis plays ver ti cally elon -
gated, root-like struc tures marked with white colouration.
X-ray dif frac tion anal y sis of three sam ples re vealed that this 
is a kaolinite dom i nated de posit (kaolinite con tent: 51.48,
54.7, 55.48 wt %). The clayey mudstone passes up ward into 
a 70 cm thick bed of mot tled, brown mudstone con tain ing a
15–20 cm thick layer of mot tled siltstone to fine-grained
sand stone in its lower part (unit 3 in Fig. 4). The de pos its
show dis persed frag ments of coalified plants of dif fer ent

6 S. LESZCZYÑSKI

Fig. 3. Cre ta ceous suc ces sion in cen tral frag ment of north ern wall of quarry. A – Gen eral view; state in May, 2007. The wall is as much 
as 15 m high. Note du plex struc ture on right side of photo, in the lower part of Nowogrodziec Mem ber. B – Close-up view of du plex. C –
Close-up view of three small thrusts (black ar rows) in top part of Nowogrodziec Mem ber. Mem ber’s top in di cated by long dashed line.
Walk ing stick (white en cir cled) 1.1 m long, as a scale. West ern part of south ern wall of quarry in July, 2007
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Fig. 4. Sed i men tary log, trace fos sil data, stra tig ra phy and depositional his tory of the stud ied sec tion
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Fig. 5. Sand stone of the ¯erkowice Mem ber. A – Gen eral view of the sand stone in the south ern wall of the quarry. Faint par al lel strat i -
fi ca tion on right side of photo in di cates fore shore or i gin. B – Close-up view of faintly par al lel-strat i fied and mas sive sand stone. C – Sand -
stone show ing interbedded faint tab u lar cross-strat i fi ca tion and par al lel strat i fi ca tion; welded beach face and coastal sand bar de pos its. D – 
Sand stone show ing trough cross-strat i fi ca tion and non strat i fied. Sed i ment or i gin as in Fig. C

Fig. 6. Trace fos sils re corded in sand stone of the ¯erkowice Mem ber. A – Thalassinoides isp., con vex epirelief in sand stone. B –
?Fodinichnia, con vex hyporelief in sand stone



size, usu ally thin ner than 0.5 cm. Thin, dis con tin u ous, bed -
ding-par al lel sand laminae oc cur in the siltstone layer. The
top of the mudstone bed is marked with a level rich in
coalified plant frag ments form ing lo cally a shiny coal layer
as much as 2 cm thick.

The over ly ing part of the suc ces sion is a 37 cm thick
bed of grey-brown, mot tled to sub tly par al lel lam i nated
mudstone (Fig. 8). Lam i na tion oc curs lo cally in the lower
part of the bed. The mudstone grades up ward into siltstone
and sub se quently to an ar gil la ceous sand stone as much as
30 cm thick. The lat ter grades up ward into a 22 cm thick
layer of dark-brown mudstone capped by a 5–10 cm thick
coal seam. All these de pos its con sti tute unit 4 in Fig. 4. The
sand stone is rich in large coalified plant de bris and is cut by
plant roots. It is this unit in which the afore men tioned du -
plex struc ture oc curs. The coal seam bi fur cates lo cally into
two thin lay ers sep a rated by thin sand stone. The coal seam
lo cally con tains sand bod ies show ing len tic u lar cross-sec -
tion and ropelike to lumpy shape in plan view. The sand
bod ies are 1.5 to 2.0 cm in cross sec tion and show non-lam i -
nated to obliquely lam i nated struc ture in ver ti cal cross-sec -
tion. Bod ies of anal o gous size and shape in bed cross-sec -
tion, oc cur ring in coal of Up per Cre ta ceous of east-cen tral
Utah (USA) were shown by Kamola (1984) to rep re sent the
trace fos sils Thalassinoides suevicus, T. paradoxicus and T.
isp., whereas MacEachern et al. (2007a, b) have shown such 
struc tures as Thalassinoides isp. In the de posit in ques tion,
the ma jor ity of the sand bod ies also seems to rep re sent trace
fos sils, how ever, their tax o nomic af fil i a tion is not clear. The 
doubts re sult from the rar ity of the bod ies and poor ac ces si -
bil ity for ex am i na tion on bed ding par al lel sur faces. It can -
not be ex cluded that they ac tu ally in clude bur rows of the
ichnogenus Thalassinoides. In this case, the poor trace fos -
sil as sem blage would rep re sent the Teredolites Ichnofacies
of a stressed en vi ron ment, lack ing the name sake ichnotaxon 
(see MacEachern et al., 2007c). The ar che typal ex pres sion
of this ichnofacies em braces bur rows and bor ings ex ca vated 
in ma rine or mar ginal woody or coaly sub strates (Bromley
et al., 1984; Savrda, 1991).

Ex cept for a small area lo cated over the du plex struc -
ture, the coal seam is over lain by a brown mudstone, 33–45
cm thick, show ing mot tled struc ture, and lo cally pen e trated
by plant roots (Fig. 9). The lat ter show abrupt ter mi na tion at 
the bed top. This mudstone is over lain by a bed of a dirty
coal, as much as 20 cm thick (which to gether with the un -
der ly ing mudstone forms unit 5 in Fig. 4). In a small area lo -
cated over the du plex struc ture, this coal seam oc curs joined 
in one bed with the lower ly ing coal seam. The de posit of
the up per coal seam is brit tle, gen er ally over filled with sand
bod ies show ing a ver ti cal sec tion sim i lar to those re corded
in the lower ly ing coal bed (Fig. 10A). More over, it ad di -
tion ally con tains sand bod ies show ing com plex, tor tu ous
shapes and some dish shaped lamellation in cross-sec tion,
bod ies ap pear ing to con sist of bun dles of sand lenses, and
some form ing highly elon gated lenses. In bed cross-sec -
tions, most of the sand bod ies re sem ble struc tures shown by
Kamola (1984) as dif fer ent ichnospecies of Thalassinoides.
These show ing tor tu ous shape and lamellation in cross-sec -
tion are rem i nis cent of struc tures shown by Seilacher (1955) 
as cf. Phycodes palmatum Hall (1852), and to some ex tent
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Fig. 8. Brown mudstone, mas sive to faintly par al lel strat i fied
and two lay ers of shiny coal in its lower part (shown with ar rows)

Fig. 9. Muddy sand stone pass ing up ward into mudstone show -
ing plant roots (ar rows) and capped with muddy to shiny coal

Fig. 7. Con tact of ¯erkowice Mem ber (sand stone) with Nowo-
grodziec Mem ber (claystone), in ter preted as paraconformity. Note 
claystone lay er ing due to stain ing with iron ox ides and hy drox -
ides. Dark col oured bed in the lower part of claystone (ac tu ally
dark pink) shows white, ver ti cally elon gated spots re sem bling
plant roots



Teichichnus zig zag Frey and Bromley, 1985. Their tortuo-
sity may in part re sult from com pac tion. The sand bod ies
ap pear ing to con sist of bun dles of sand lenses may also rep -
re sent ichnogenus Phycodes. Un for tu nately, their hor i zon -

tal pat tern has not been re cog nised. Rope-like shapes, vari -
able size and lack of clear branch ing were vis i ble on one
bed ding-par al lel sur face of a size of 800 cm2 (Fig. 10B).
Sand bod ies of sim i lar shapes and sizes, some branched,
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Fig. 10. Fea tures of a coal seam. A – Dense pack ing of coal with sand bod ies show ing dif fer ent size, shape and in ter nal struc ture; ver ti -
cal cross-sec tion view. The bod ies ap pear to rep re sent mainly sand-filled bur rows Thalassinoides isp. (Th), cf. Phycodes palmatum (Py1),
?Phycodes isp. (Py2); B–D – Ap pear ance of sand bod ies (light colours) on sur faces par al lel to bed ding. The bod ies in B (view from be low) 
are su per im posed bur rows of sev eral ichnotaxa. C and D show trace fos sils of ichnogenus Thalassinoides (Th), tax o nom i cally un de ter -
mined trace fos sils (?) and sand bod ies of un clear or i gin (white out lined ar rows), (view from above); E, F – Teredolites clavatus (knobs) at 
top of coal seam; full re lief, plan view from be low. Ex am ples dif fer ing in com pres sion style



rather straight and highly curved, and, ad di tion ally, bod ies
of lobate and sheet-like shapes, show ing a stri ated sur face
and an obliquely lam i nated in te rior in cross sec tion were re -
corded in plan view in an ad ja cent place (Fig. 10C, D).
Striations re corded on the sur face of lobate spec i mens are
rem i nis cent of a thick spreite and widely spread, low an gle,
back fill lamellae (menisci). These bod ies may rep re sent
ichnogenus Teichichnus. The branched, rope sized bur rows
(1.5–2.0 cm wide) ap pear to rep re sent two Thalassinoides
ispp. One ichnospecies shows rather straight bur rows, the
other is highly curved and more flat in cross- sec tion. The
first-men tioned ichnospecies cuts the for mer one. Rope-
sized but slightly thin ner (0.6–1.0 cm wide), curved, bed -
ding-par al lel bod ies of mas sive sand show ing an ir reg u lar
out line and ir reg u lar (?peletted) mud lin ing ap pear to rep re -
sent Ophiomorpha isp. indet. Some sand bod ies, par tic u -
larly the sheet-like struc ture in plan view, may be of abiotic, 
sed i men tary or i gin. An other char ac ter is tic fea ture of the
coal seam is the oc cur rence at its top of frag ments of tree
trunks con tain ing casts of wood bor ings Teredolites cla-
vatus Leymerie, 1842 (Fig. 10E, F). These trace fos sils
com monly show sig nif i cant com pac tion per pen dic u lar to
their elon ga tion. In to tal, bur rows en closed in this coal seam 
rep re sent the ar che typal Teredolites Ichnofacies. Ac tu ally,
ac cord ing to com po si tion, this bed fully cor re sponds to
Savrda et al.’s (1993) “log-ground”, that is a ground con-
sisting of a high concentration of allochthonous wood
strewn across a depositional surface.

The over ly ing unit (unit 6 in Fig. 4) com prises highly to 
com pletely bioturbated ar gil la ceous sand stone pass ing up -
ward into a sand stone–mudstone heterolith show ing vari -
able bioturbation in ten sity. The whole unit is 165 cm thick
(Fig. 11A). The ar gil la ceous sand stone con sti tutes the
lower, 1 m thick part of the unit. It tends to show some
coars en ing up ward dis played in a de creas ing con tent of or -
ganic ma te rial. It is fine-grained, var ie gated in col our, dark-
brown to drab. The var ie gated ap pear ance en sues from the
ir reg u lar dis tri bu tion of plant de bris. The sed i ment shows
mot tled struc ture, rem nants of flaser bed ding and wavy bed -
ding. Dif fer en ti a tion be tween bioturbation struc tures and
sedimentry struc tures is here prob lem atic in many in stances
(Fig. 11B). This is in part due to a high con tent of or ganic
de bris that stresses the mot tled ap pear ance of the de posit.
Ad di tion ally, pre cise tax on omy is rarely pos si ble be cause
trace fos sils are visible almost exclusively in sections
mainly roughly perpendicular to bedding.

Trace fos sils of the ichnogenera Asterosoma, Palaeo-
phycus, Ophiomorpha, Thalassinoides, Planolites and Tae-
nidium ap pear to be the dom i nant dis tinct ichnotaxa, par tic -
u larly in the lower part of the muddy-sand stone unit.
Asterosoma seems to dom i nate in the lower part of the unit
and ap pears to be the main con stit u ent of its fab ric (Fig.
11B). Struc tures rem i nis cent of the ichnogenus Cylindri-
chnus are re corded lo cally as so ci ated with Asterosoma isp.
indet. (Fig. 11C, D). In some places, the sed i ment fab ric is
com posed of Asterosoma and in ferred Cylindrichnus over -
printed by Thalassinoides isp., thickly mud-lined bur row
ten ta tively called Palaeophycus isp., P. cf. tubularis Hall,
1847, and Planolites isp. indet. (Fig. 11C–E). Else where, in
the lower part of the unit, the ichnofabric is dom i nated by

roughly hor i zon tally wind ing bur rows show ing ir reg u lar,
pelleted mud lin ing char ac ter is tic of the ichnogenus Ophio-
morpha and smooth-walled, mud-lined bur rows of the
ichnogenus Palaeophycus (Fig. 12B). Most bur rows in the
lower part of the ar gil la ceous sand stone show ir reg u lar,
pelleted mud lin ing re sem bling that in Ophiomorpha
irregulaire Frey, Howard and Pryor, 1978 (see Fig. 12A, C,
D). They are ac com pa nied by rare bur rows ap pear ing to
show an nu la tions of the pelleted mud lin ing as in O. annu-
lata (Ksi¹¿kiewicz, 1977) (Fig. 12A, B). Bed ding-par al lel
to oblique bur rows show ing a meniscate fill, re sem bling
ichnogenus Taenidium, oc cur lo cally in the ar gil la ceous
sand stone (Fig. 11D). Spec i mens of Taenidium baretti
(Bradshaw, 1981) (Fig. 12C, D) and Taenidium serpenti-
num Heer, 1877 (Fig. 12B) were re corded in the Ophiomor-
pha-dom i nated di vi sion. More over, one spec i men sug ges -
tive of ichnogenus Rosselia has been found in the up per part 
of the ar gil la ceous sand stone (Fig. 11F). In to tal, the trace
fos sil as sem blage ap pears to rep re sent the Cruziana Ichno-
fa cies in the prox i mal ex pres sion of a stressed en vi ron ment.
The lat ter is sug gested by the lack of some ichnotaxa char -
ac ter is tic of this ichnofacies (e.g., Rhizocorallium), and the
rich con tent of plant de tri tus in the sed i ments.

The over ly ing heterolith (unit B in Fig. 11A) com prises
interbedded drab to pale-col oured ar gil la ceous sand stone,
arenitic sand stone and grey to dark-brown sandy mudstone
and mudstone. The de pos its show vari able in ten sity and
style of bioturbation. Pro por tion of sand stone rel a tive to
mudstone de creases up ward. The mudstone be comes more
clayey up ward. The less bioturbated di vi sions show wavy to 
len tic u lar bed ding (Fig. 13A, B). Lam i na tion of cur rent rip -
ples show ing op po site di rec tions, com bined-flow rip ples
and wave rip ples are rec og niz able in the poorly bioturbated
sand lenses and lay ers. The ichnofabric is con sti tuted pri -
mar ily by ir reg u lar mot tles of tan to drab col oured sed i ment. 
Dis tinct trace fos sils are rep re sented by sev eral ichnotaxa
dom i nated by 1 mm thick, bed ding-par al lel to ver ti cal mud-
lined and sand-filled bur rows and sim i larly thick, un lined,
mud-filled bur rows (Fig. 13A–D). Some thin, mud-lined
bur rows are U-shaped and Y-shaped and re sem ble Arenico- 
lites and Psilonichnus, how ever the size of the U-shaped
struc tures is 5x10 mm only (Fig. 13E). Nu mer ous pairs of
such tiny, ver ti cal bur rows re corded on bed ding-par al lel
sur faces in some sand stone beds sug gest that such trace fos -
sils may be lo cally abun dant. They are anal o gous with bur -
rows of a polychaete, Capitella cf. capitula, de scribed from
the up per off shore of Geor gia, U.S.A. (Hertweck et al.,
2007). The mud-lined bur rows show ing dif fer ent ori en ta -
tion to bed ding ap pear to cor re spond to the trace fos sil Bor-
nichnus tortuosus Bromley and Uchman (2003) de scribed
from the Lower–Mid dle Ju ras sic tidal flat de pos its of Born -
holm (Den mark). Other ichnotaxa in clude Schaubcylindri-
chnus isp. indet., ?Phycosiphon isp. indet., Planolites isp.
indet. (Fig. 13B, C) and other tax o nom i cally un de ter mined
forms (Fig. 13F). Some spec i mens of Schaubcylindrichnus
re sem ble ichnospecies S. cor onus Frey and Howard, 1981.
They tend to oc cur in bun dles of con gru ent, sand-lined
tubes. Some rock parts con tain ag gre ga tions of tax o nom i -
cally un de ter mined sand-filled bur rows re sem bling di min u -
tive Planolites in cross-sec tion and small bur rows show ing
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Fig. 11. Fea tures of the up per part of the Nowogrodziec Mem ber. A – Gen eral view. Note up-bed pas sage from muddy sand stone (A) to
sand stone and mudstone heterolith (B) and fi nally to mudstone in clud ing two clay iron stone (sid er ite) beds (white ar rows) (C). Walk ing
stick (1.1 m long) stands on coal seam. B – Com pletely bioturbated muddy sand stone dom i nated by Asterosoma isp. (ex am ples in di cated
with black ar rows) (Asterosoma ichnofabric), ver ti cal cross-sec tion view (vcsv). Some struc tures re sem ble Cylindrichnus isp. (white ar -
rows). C – Highly bioturbated muddy sand stone show ing ?Asterosoma isp. (?As), Palaeophycus isp. (Pah). White out lined ar rows in di -
cate lon gi tu di nal cross-sec tions of bur rows show ing lam i nated fill ing re sem bling ?Cylindrichnus isp. (?Cy); vcsv. D – Muddy sand stone
rich in or ganic ma te rial show ing thickly mud-lined bur row re sem bling Palaeophycus isp. (Pah), ?Thalassinoides isp. (?Th), Taenidium
isp. (Te), and cross-sec tion of bur row show ing lam i nated fill ing re sem bling ?Cylindrichnus isp. (?Cy); vcsv. E – Com pletely bioturbated
muddy sand stone show ing thinly lined bur rows of dif fer ent size, cor re spond ing Palaeophycus tubularis (?Pa), thickly mud-lined bur row
re sem bling Palaeophycus isp. (Pah), Planolites isp. (Pl) and clus ter of mud lined bur rows re sem bling the ichnogenus Phycodes (?Py);
vcsv. F – Com pletely bioturbated muddy sand stone show ing mud lined bur rows of dif fer ent size, cor re spond ing to ichnogenus
Palaeophycus (?Pa), and con cen tri cally lam i nated, in clined bur row re sem bling Rosselia isp. (R); vcsv



con cen tric struc ture in cross-sec tion (Fig. 13D, E). The
trace fos sil as sem blage would seem to rep re sent a sin gle
eco log i cal suite. The forms of struc tures, the in ferred ichno- 
taxa as well as the sedimentological and ichnological con -
text of these de pos its together indicate that they represent
the Cruziana Ichnofacies of a highly stressed environment.

The heterolith passes grad u ally up ward into a 1 m thick
bed com posed of grey to green ish-grey and green clayey
mudstone en clos ing sev eral thin clay iron stone (sid er ite)
beds and topped by a coaly mudstone layer sev eral centi -
metres thick (unit 7 in Fig. 4, unit C in Fig. 11A; Fig. 14A,
B). The lat ter is the high est unit in the sed i men tary suc ces -
sion of the Nowogrodziec Mem ber. The grey to green -
ish-grey and green mudstone shows some col our mot tling
re sult ing prob a bly from bioturbation. Dis tinct bioturbation
struc tures, how ever, have not been found in this de posit. In -
ves ti ga tions of three sam ples taken from the lower, mid dle
and up per part of bed re vealed an ab sence of foraminifera
and other microfossils. This is in dis tinct con trast to other
ar eas where foraminifera were re corded in the lower part of
the Czerna For ma tion (see Alexandrowicz, 1976; Gawor-

Biedowa, 1991). Fa cies of these de pos its sug gest that their
bioturbation struc tures may be re lated to Zoophycos
Ichnofacies of a highly stressed environment.

The over ly ing coaly mudstone be comes highly bur -
rowed in its up per part. Bioturbation ob scures the up per
bound ary of this unit and adds to grad ual pas sage of the
coaly mudstone into the over ly ing sand stone, which ini ti -
ates the higher part of the Czerna For ma tion (unit 8 in Fig.
4; Fig. 14C). Bioturbation of the bound ary di vi sion is con -
spic u ous, dom i nated by the densely packed sand-filled bur -
rows Asterosoma ludwigae Schlirf, 2000 (Fig. 14D–F), ac -
com pa nied by Thalassinoides isp. indet. (Fig. 14D–F),
Chondrites isp. indet. (Fig. 14F) and some other tax o nom i -
cally un de ter mined ichnotaxa. Asterosoma oc curs as the
dom i nat ing ichnotaxon in the whole di vi sion. Thalassino-
ides is most densely dis trib uted from 10 to 20 cm above the
lower bound ary of the coaly mudstone bed. Chondrites is
re corded from 5 to 9 cm above this bound ary only (Fig.
14C). Asterosoma shows in ter sec tion by Thalassinoides isp. 
Both ichnotaxa cross cut Chondrites isp. Bur row ing be -
comes less dis tinct up ward, in the drab col oured ar gil la -

CONIACIAN–?SANTONIAN PARALIC SED I MEN TA TION 13

Fig. 12. Fea tures of the lower, muddy sand stone di vi sion, up per part of Nowogrodziec Mem ber. Bed ding-par al lel sur faces, view from
be low. A, B – Ophiomorpha–Palaeophycus ichnofabric in a less muddy part of the di vi sion. Ichnospecific af fil i a tion of spec i mens is in
most cases not pos si ble. ?Ophiomorpha isp. indet. (?O) seem to pre vail. ?Ophiomorpha annulata (?Oa) is re corded sparsely. Less com -
mon are bur rows of the ichnogenus Palaeophycus (Pa). Ac ces sory bur rows in clude spec i mens re sem bling ichnogenus Planolites (?Pl) and 
Taenidium, with T. serpentinum (Ts). C, D – Ophiomorpha isp. indet. (?O) and Taenidium baretti (Tb)
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Fig. 13. Fea tures of the heterolithic di vi sion of the up per part of the Nowogrodziec Mem ber (unit B in Fig. 11A). A – Wavy and
lenticularly bed ded heterolith show ing vari able bioturbation in ten sity. Highly to com pletely bioturbated ho ri zons in ter change with poorly
bioturbated to unbioturbated ones. B – Wavy and lenticularly bed ded heterolith dif fer ently mod i fied by bioturbation struc tures. Note nu -
mer ous, bed ding oblique to ver ti cal and hor i zon tal bur rows (two bur rows shown with ar rows); vcsv. C – Highly bioturbated heterolith
show ing nu mer ous thin (1.6 mm di am e ter), cy lin dri cal, mud-lined, sand-filled bur rows re sem bling ichnogenus Palaeophycus (small black 
out lined ar row), thin, mud-filled bur rows (small, white out lined ar row), Schaubcylindrichnus isp. clus ter (Sch); vcsv. D – Highly to com -
pletely bioturbated heterolith show ing some dis tinct trace fos sils. Most nu mer ous are tax o nom i cally un de ter mined, thin, mud-lined bur -
rows oc cur ring in clus ters sug gest ing a vermicular course (V). Less nu mer ous forms in clude Palaeophycus ?tubularis (Pa), ?pale man tled
bur rows re mind ing Phycosiphon (?Ph), black filled bur row re sem bling Planolites isp. (Pl). Sin gle large, and cy lin dri cal bur rows re mind -
ing Thalassinoides isp. (Th?) oc cur in some places; vcsv. E – Sand stone show ing two types of thin, un lined, mud-filled, U-shaped trace
fos sils (white ar row) and clus ters of bur rows re sem bling ichnogenus Schaubcylindrichnus (Sch?); vcsv. F – Com pletely bur rowed sandy
mudstone show ing tax o nom i cally un de ter mined, small, sand-filled bur rows of two sorts (ar rows); vcsv
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Fig. 14. Fea tures of the top part of Nowogrodziec Mem ber. A – Dark-grey to green mudstone di vided by sev eral thin, clay iron stone
(sid er ite) beds (white ar rows) de vel op ing from the un der ly ing heterolith and capped by thin coaly mudstone (white out lined black ar row).
Walk ing stick (1.1 m long) as a scale. B – Wavy and lenticularly bed ded heterolith pass ing up ward into dark-grey mudstone. C – Green
mudstone over lain by coaly mudstone that grades up ward into muddy sand stone. Up per part of the coaly mudstone and the over ly ing de -
posit are highly to com pletely bioturbated. Asterosoma ludvigae is the dom i nat ing bur row in the whole bioturbated unit. Thalassinoides
isp. indet. is most densely dis trib uted in the mid dle part of the unit (di vi sion B) and Chondrites isp. indet. is re corded in the lower part of
the unit only (di vi sion A). D – Asterosoma ludwigae (As) show ing di verse cross-sec tion of bulbs cross-cut by Thalassinoides isp. indet.
(Th). Note oc cur rence of black lin ing in some Thalassinoides-look ing bur rows. E – Asterosoma ludwigae (As) seen in vari ably cross-sec -
tioned bulbs cut by Thalassinoides isp. indet. (Th) and a mud-lined bur row (Th?). F – Asterosoma (As), Thalassinoides (Th) and
Chondrites (Ch). Note that Chondrites is cross-cut both by Asterosoma and Thalassinoides. The lat ter ichnotaxon also cross-cuts
Asterosoma. Sand bod ies on the right side of the pho to graph rep re sent un dif fer en ti ated Asterosoma and Thalassinoides



ceous sand stone; how ever, the mot tled ap pear ance of its
split ting sur faces sug gests pro found bioturbation. The
ichnofos sils are typ i cal of tax o nom i cally im pov er ished ar -
che typal Cruziana Ichnofacies (see MacEachern et al.,
2007a).

The Czerna For ma tion over the Nowogrodziec Mem ber
The over ly ing part of the suc ces sion con sists of two

coars en ing-up ward to fin ing-up ward di vi sions com pris ing
seven coars en ing-up ward units (units 8–14 in Fig. 4; Fig.
15A). The top part of the higher or der unit (unit 14 in Fig. 4) 
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Fig. 15. Fea tures of Czerna For ma tion above Nowogrodziec Mem ber. A – The gen eral ap pear ance of the Czerna For ma tion above the
Nowogrodziec Mem ber in the Rakowice quarry. Dashed line in di cates the up per bound ary of the Nowogrodziec Mem ber. Bod ies of clean
sand stone usu ally less bioturbated than the ad ja cent sand stone are pro trud ing from the quarry wall. Note the lat eral pinch ing out of the up -
per sand stone body. B – Ap pear ance of the weath ered sand stone in the sand stone part of a lower coars en ing-up ward unit. Note the
cross-lam i na tion (ar row). C – Com pletely bioturbated muddy-sand stone show ing Asterosoma isp. indet. (ar row). D – Muddy-sand stone
show ing Ophiomorpha cf. irregulaire (Oi), faint Asterosoma isp. indet. (As), and thinly lined Paleophycus cf. tubularis (Pa). E – Sand -
stone con tain ing Ophiomorpha cf. irregulaire (ar rows). F – Highly bioturbated sand stone show ing ?Arenicolites isp. indet. (Ar),
?Thalassinoides isp. indet. (Th?), and poorly marked Ophiomorpha cf. nodosa (Op)



is strongly re worked by Qua ter nary surficial pro cesses. Ac -
tu ally, this whole suc ces sion is rel a tively poorly pre served,
be ing strongly jointed, ir reg u larly im preg nated with iron
ox ides, and com monly pen e trated with re cent plant roots.
These prop er ties mask the sub tle fea tures of the orig i nal
struc ture of the de pos its, and, con se quently, hin der rec og ni -
tion of their mode of or i gin.

Each coars en ing-up ward unit starts with a mud-dom i -
nated heterolith. Mas sive or cross-strat i fied sand stone or a
sand-dom i nated heterolith oc curs at the top of the units. The 
heterolithic di vi sions com prise drab to pale col oured mud-
stone to siltstone and drab to pale-col oured fine-grained
sand stone streaks, lay ers and lenses. The de pos its dis play
wavy to len tic u lar bed ding and a cha otic struc ture. The lat -
ter oc curs in some highly bioturbated heterolith di vi sions
and in soft-sed i ment de formed in ter vals. Lam i na tion of cur -
rent rip ples, com bined-flow rip ples and wave rip ples is vis i -
ble in some sand lenses and some sand stone lay ers. The
sand stone of sand stone di vi sions is pale to or ange and yel -
low ish in col our and shows a gen er ally mas sive struc ture.
Some its parts ap pear to dis play rip ple lam i na tion and me -
dium-scale cross-strat i fi ca tion (Fig. 15B). It shows sparse to 
abun dant bioturbation. The lat ter is in ferred for ar gil la ceous 

sand stone show ing ir reg u lar, lumpy weath er ing. Biotur-
bation struc tures are mainly ob scure, be ing poorly vis i ble in 
the whole unit. Thor ough ex am i na tion re vealed the oc cur -
rence of Asterosoma isp. indet. (Fig. 15C, D), Paleophycus
cf. tubularis, Ophiomorpha cf. irregulaire (Fig. 15D, E), O.
cf. nodosa and Planolites isp. Bur rows in cluded to O. cf.
irregulaire show sparse, ir reg u lar, pelleted mud lin ing with
ovoid to elon gate pel lets (cf. Pedersen & Bromley, 2006;
Bromley & Pedersen, 2008). Un for tu nately, only small
frag ments of this trace fos sil were ob served and there fore its 
pre cise de ter mi na tion is not pos si ble. O. cf. nodosa is thin -
ner than O. cf. irregulaire, shows a more reg u lar lin ing and
mainly a ver ti cal course. It oc curs in the sand stone part of
the two up per coars en ing-up ward units. Ar gil la ceous sand -
stone of these units shows rich casts of var i ous mol lusc
shells, mainly bi valves (see Milewicz, 1970). In part, they
oc cur con cen trated at bed ding-par al lel strat i fi ca tion sur -
faces (Fig. 16A). Sand stone of the lower part of the thick est
coars en ing-up ward unit shows bi valve shells in life po si tion 
(Fig. 16B), frag ments of ver ti cal to nearly ver ti cal, cy lin dri -
cal, smooth-walled bur rows re sem bling Skolithos linearis
Haldeman, 1840 (Fig. 16C, D) and Arenicolites-like trace
fossils (Fig. 15F).
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Fig. 16. Fea tures of high est part of the sec tion (Czerna For ma tion above the Nowogrodziec Mem ber). A – Sand stone rich in casts of bi -
valve shells. Coin di am e ter 16 mm. B – Bi valve in life po si tion, in sand stone. C – Com pletely bioturbated sand stone show ing Skolithos
linearis (Sk). Pocket knife 9 cm long. D – Skolithos linearis ori ented oblique to bed ding



The trace fos sils of mud-dom i nated heteroliths prob a -
bly rep re sent Cruziana Ichnofacies in a dis tal expresion,
how ever, qual ity of ex po sure and ap plied ex am i na tion
meth ods pre cluded its un equiv o cal doc u men ta tion. Trace
fos sils re corded in sand-dom i nated heteroliths and in tensely 
bioturbated sand stones in di cate tax o nom i cally im pov er -
ished Cruziana Ichnofacies in the prox i mal ex pres sion of a
stressed en vi ron ment, whereas the as sem blage re corded in
mas sive, poorly bioturbated sand stones seems to rep re sent
Skolithos Ichnofacies.

DIS CUS SION

The above de scribed fea tures in di cate the com plex
orig i na tion of the suc ces sion both with re spect to deposi-
tional pro cesses and depositional set ting. Pre vi ous in ter pre -
ta tions are gen er ally con firmed, still, sev eral new opin ions
are added. The new opin ions par tic u larly con cern de pos its
of the Nowogrodziec Mem ber and re sult in part from the
ichnological investigations.

Depositional en vi ron ment

The al most ho mo ge neous li thol ogy of the ¯erkowice
Mem ber, con sist ing ba si cally of fine-grained to me dium-
grained sand stone show ing pla nar strat i fi ca tion and large-
scale cross-strat i fi ca tion, pro vide ev i dence for sed i men ta -
tion in up per shoreface and fore shore en vi ron ments. Such
an or i gin is also sup ported by the rare ver ti cal bur rows,
Ophiomorpha nodosa, char ac ter is tic of Skolithos Ichnofa-
cies, typ i cal of sandy shores. The hor i zon tal bur rows, in -
clud ing Ophiomorpha and Thalassinoides, re corded at bed -
ding sur faces, to gether with rem nants of muddy drapes, re -
cord short pe ri ods of low ered wa ter en ergy and the ar rival
of con di tions char ac ter is tic of the mid dle shoreface. Large-
scale cross-strat i fi ca tion point to de po si tion in a hy dro dy -
nam i cally en er getic en vi ron ment, through grad ual fill ing of
chutes and ac cre tion on wave-formed bars. Op po site di rec -
tions of cross-strat i fi ca tion re corded in some places in di cate 
sig nif i cant vari a tion of wa ter en ergy and oc ca sional strong
ag i ta tion of wa ter, as is char ac ter is tic of storms. On shore-
di rected, large-scale, high-an gle strat i fi ca tion is pro duced
dur ing fair-weather con di tions whereas the op po site is
formed dur ing storms, par tic u larly by rip cur rents (see
Dumas & Ar nott, 2009). Dom i nance of strat i fi ca tion in -
clined to the south, south east, that is to ward the shore of this 
ba sin (see Milewicz, 1997) in di cates prev a lence of on shore
sed i ment trans port. This state is con sis tent with the find ings
of stud ies of mod ern shoreface set tings. Op po site di rec tions 
of cross-strat i fi ca tion are also char ac ter is tic of coasts in flu -
enced by high tidal flows. The tid ally pro duced cross-strat i -
fi ca tion dis plays, how ever, spe cific rhythmicity and mud
drap ing (see Boer et al., 1988, 1989), which were not rec og -
nized here. The mas sive sand stone may owe its struc ture to
re mod el ing by sed i ment fluidization and redeposition by
mass sand-flows. The oc cur rence of large-scale fluidization
is dis tinc tively re corded in the ¯erkowice Sand stone Mem -
ber in the quarry at ¯erkowice. How ever, sed i ment mix ing
by thor ough bioturbation of Macaronichnus segregatis

(e.g., Gerard & Bromley, 2008, p. 79, IF2) can not be ex -
cluded as well. This trace fos sil is typ i cal of up per shoreface 
sand stone and is rarely clearly vis i ble (cf. Gerard & Brom-
ley, 2008). This par tic u larly con cerns clean sand stones
lack ing ad e quate ad mix ture of or ganic mat ter, mud or min -
er als dif fer ing clearly in col our from the main rock com po -
nent. These fea tures fully cor re spond to those of the sand -
stone in ques tion.

The rar ity of trace fos sils in the ¯erkowice Mem ber
may re sult from low sta bil ity of the sandy sub strate caused
by high wa ter en ergy and de fi ciency of food in the depo-
sitional en vi ron ment. Such en vi ron men tal con di tions are in -
di cated by good sed i ment sort ing and type of its strat i fi ca -
tion. These cir cum stances must have sig nif i cantly lim ited
colo nis ation of these sed i ments by animals and their bur -
rowing activity.

The kaolinitic clayey mudstone rest ing on the ¯erko-
wice Sand stone Mem ber shows min eral com po si tion (dom i -
nance of kaolinite among clay min er als) and colours sim i lar
to a saprolite, which is the in-situ prod uct of subaerial
weath er ing. How ever, the mudstone dif fers from a true
saprolite in show ing a sharp, flat sur face cov ered with iron -
stone crust, against the un der ly ing sand stone, a very ho mo -
ge neous tex ture in the lower part of the bed and the oc cur -
rence of par al lel lam i na tion marked with silty ma te rial in its
up per part. The sharp bound ary to the un der ly ing sand stone, 
be ing par al lel to the sand stone strat i fi ca tion, to gether with
the par al lel silty laminae in the up per part of the bed sug gest 
transportational or i gin of the clayey mudstone rather than
be ing due to pro duc tion by weath er ing pro cesses in place,
as is the case in a true saprolite (see Aleva, 1983). It seems
rather that the mudstone con sists of ma te rial flushed from a
saprolite oc cur ring in ad ja cent ar eas. Its lo ca tion in the suc -
ces sion, to gether with the above men tioned fea tures, sug -
gest an off shore lac us trine depositional set ting. Lack of or -
ganic mat ter and bioturbation im ply de po si tion in a highly
oligotrophic lake. A con sid er able oligotrophy of this lake
can be in ferred from its de vel op ment over the area cov ered
by clean sand. The ver ti cally elon gated, rootlike mot tles re -
corded in the red band within a small flexure are apparently
of tectonically induced diagenetic origin and mark zones of
sediment tearing.

The col our mot tling and band ing of the clayey mud-
stone, as well as the oc cur rence of iron stone crust at the
con tact with the un der ly ing sand stone seem to be formed
due to the pass ing of these de pos its through an ep i sode of a
fluc tu at ing re dox front. Such cir cum stances nor mally take
place in a zone af fected by fluc tu at ing ground wa ter. The
white col oured bands rep re sent bleached zones de prived of
iron due to the occurence of re duc ing con di tions. Iron lib er -
ated from these zones was trans ferred to ox i da tion zones
where it reprecipitated in ox ides and hy drox ides giv ing the
or ange, brown and cherry-red colours to the de posit. The
con tact sur face of the ̄ erkowice Mem ber sand stone and the 
Nowogrodziec Mem ber clayey mudstone formed a baf fle to 
the move ment of pore flu ids en closed within the highly per -
me able sand stone. This surface behaved similarly to the
wall of a water pipe.

De pos its over ly ing the clayey mudstone up to the top of 
the up per coal seam (units 3–5 in Fig. 4) show fea tures in -
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dic a tive of sed i men ta tion in a shallowing lake, in an area
un der go ing grad ual trans for ma tion into a marsh. Sed i men -
ta tion be came dom i nated here with silt and fine sand. Some
parts of the area were oc ca sion ally over grown with smaller
marsh plants and aquatic plants, as is in di cated by the small
size of roots and the in tensely soft-sed i ment de formed
muddy sub strate to gether with its lat eral pas sage into
finer-grained sed i ment, lack ing plant roots. The area was
fed with lo cal and drifted plant ma te rial form ing lo cally thin 
peat lay ers (now coal seams), con tain ing dis persed large
frag ments of wood. The ap pear ance of Teredolites clavatus
in large wood frag ments con tained in unit 5, and par tic u -
larly the ex ten sive oc cur rence of this trace fos sil at the top
of the up per coal seam, to gether with other trace fos sils con -
tained in this bed, in di cate in cur sion of ma rine wa ters in the
area. Note wor thy are the rare, sand-built struc tures re mind -
ing of Thalassinoides, re corded in the coal seam of unit 4.
These are ac tu ally the first in di ca tors of the ini ti a tion of ma -
rine in flu ences in the area. Both of these two ichnotaxa re -
corded in coaly sub strate rep re sent the Teredolites Ichno-
fa cies, con sid ered as be ing con fined to ma rine and mar ginal 
ma rine (brack ish-wa ter) set tings (e.g., MacEachern, et al.,
2007a). In this case, they sug gest that the area could trans -
form into a shal low subtidal zone of a la goon. Con se -
quently, the trace fos sils show that ma rine in cur sion in this
area oc curred much ear lier than it was sug gested by Mile-
wicz (1956, 1965, 1970).

Con tin u a tion of the trace fos sils con tained in the coal
seam of unit 5 in the over ly ing sed i ment, to gether with the
high or ganic mat ter con tent char ac ter is tic of the coal pre-
cur sor, sug gest rather postdepositional colo nis ation of the
flooded peat bog. More over, cross cut ting re la tion ships of
the trace fos sils con tained in the coal bed in di cate a grad ual
biocoenosis change. The pro duc ers of Teredolites clavatus
were prob a bly the first macroanimals that penetrated this
bed.

The dif fer ent out line of the two Thalassinoides ichno-
spe cies re corded in the coal seam of unit 5 seems to re sult
from their dis tinct com pac tion. Cross cut ting re la tion ships
in di cate that the more flat tened ichnotaxon was pro duced
ear lier and there fore un der went higher com pac tion than that 
show ing the more rounded out line in vertical cross-section.

Units 6 and 7 show fea tures in dic a tive of de po si tion in a 
pe riod of grad ual de crease of sand sup ply and de creas ing
bot tom-wa ter en ergy. Such con di tions could have re sulted
from grad ual deep en ing of the area. Unit 6 shows fea tures
char ac ter is tic of de po si tion on a grad u ally deep ened mi -
cro-tidal mar gin of a la goon. La goonal or i gin, in a subtidal
zone, is in ferred from the rel a tively fine sed i ments, in tense
bioturbation, trace fos sils of Cruziana Ichnofacies lack ing
some fos sils char ac ter is tic of open ma rine set ting, and the
ab sence of a shelly fauna and lack of tempestites. The ver ti -
cal dis tri bu tion of trace fos sils in unit 6 show ing the up ward
dis ap pear ance of large, bed ding-par al lel and oblique bur -
rows, namely the thickly mud-lined Palaeophycus isp.,
Thalassinoides, Asterosoma and Teichichnus, and the ex -
pan sion of di min u tive, ver mi form bur rows sug gest de vel -
op ment of en vi ron men tal stress due to sa lin ity re duc tion
and re duced ox y gen a tion dur ing sed i men ta tion of these de -
pos its (see MacEachern et al., 2007c; Hauck et al., 2009).

Their lower part shows fea tures in di cat ing de po si tion in
slightly brack ish wa ter, whereas the up per part im plies de -
po si tion in highly brack ish, poorly ox y gen ated ben thic wa -
ter. Poor ox y gen a tion is par tic u larly sug gested by the dimi-
nutive, ver mi form bur rows. They fully re sem ble bur rows of 
re cent polychaete Capitella cf. aciculata (Hartman) that is
most abun dant in ar eas com posed of heterolithic sed i ments
of anoxic, or ganic-rich sed i men tary en vi ron ments (Hert-
weck, 1972, vide Hertweck et al., 2007).

Unit 7, com pris ing mudstone con tain ing sev eral clay
iron stone (sid er ite) beds, and lack ing dis tinc tive trace fos -
sils and body fos sils, im plies de po si tion in a stressed en vi -
ron ment of low wa ter en ergy, re duced sa lin ity and pos si bly
in creased tur bid ity (see MacEachern & Pem ber ton, 1994;
MacEachern et al., 1999). This pre sum ably was an off-mar -
gin part of a brack ish la goon. Very uni form, mudstone de -
vel op ment over the whole quarry, sug gests that the unit re -
cords the time of max i mum trans gres sion for the part of the
Czerna For ma tion de scribed in this pa per. The max i mum
flooding sur face is lo cated in the coaly mudstone at the unit
top. High or ganic mat ter con tent to gether with re stric tion of
bur rows to the up per part of the coaly mudstone bed and oc -
cur rence of Chondrites as the first-pro duced trace fos sil,
sug gest that this mudstone rep re sents time of min i mum ox y -
gen a tion of ben thic wa ter. More over, the ap pear ance of
Chondrites sug gests some in crease of wa ter sa lin ity, and,
consequently, an increase in connection of this area with the 
open sea.

The de pos its that over lie the Nowogrodziec Mem ber in
the in ves ti gated part of the Czerna For ma tion dis play fea -
tures in dic a tive of sed i men ta tion in a shal low-ma rine, brac-
kish en vi ron ment, on an in ter mit tently prograding shore-
face. A brack ish en vi ron ment is in di cated by the macro-
fauna re corded in these de pos its (see Milewicz, 1965, 1970) 
and the foraminifera de scribed from the lower part of the
Czerna For ma tion (see Alexandrowicz, 1976; Gawor-Bie-
dowa, 1991). Sed i men ta tion on the in ter mit tently prograd -
ing shoreface is pointed out by the pat tern of suc ces sion,
con sist ing of stacked, coars en ing-up ward units, and its bio-
turbation struc tures rep re sent ing the Cruziana and Skolithos
ichnofacies. Rel a tively high bioturbation in ten sity and rich
brack ish fauna, in clud ing shells in life po si tion, in di cate de -
po si tion in a rather small, semiconfined ba sin of low hy dra-
ulic en ergy, richly fed with fresh wa ter. Rich, fine-grained
plant de tri tus con tained in heteroliths, to gether with brack -
ish fauna, sug gest de po si tion in flu enced by deltaic distribu-
tary, per haps in a shel tered, qui es cent cove of a lower delta
plain. Dis tri bu tion of these and co eval de pos its in the re gion 
in di cate de po si tion in a bay. The small thick ness of the
coarsening up ward units show ing fea tures in dic a tive of de-
po si tion from a lower shoreface to upper shoreface setting
implies shallow depths of this part of the basin.

The clean, mas sive sand stone form ing the up per parts
of the coars en ing-up ward units dis play fea tures in dic a tive
of high en ergy set tings. Some thin beds could have been de -
pos ited by storm-con trolled pro cesses. Some other beds, to -
gether with the thick est, wedge shaped units, rep re sent sand
bars formed in the upper shorface zone.

The du plex struc ture and the thrust faults re corded in
the Nowogrodziec Mem ber are of tec tonic and not synsedi-
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mentary or i gin as sug gested by Milewicz (1956). Their
postsedimentary or i gin is in di cated by only tec tonic mod i fi -
ca tion of the suc ces sion, with out any changes of sed i men -
tary fea tures. East ward dip ping thrust planes in di cate a
south east-north west ori ented com pres sion in the area, that
is per pen dic u lar to that in which the whole Cre ta ceous ba sin 
was mod elled dur ing the Laramian orog eny. It seems that
such com pres sion could oc cur in the Mio cene due to the in -
tru sion of lava re corded in a ba saltic neck lo cated 2 km east
of the quarry, in the village of ¯erkowice.

Palaeogeographic im pli ca tions

Depositional en vi ron ments re corded in the Up per Cre -
ta ceous de pos its of the Sudetes and their sur round ings in di -
cate dis tinct palaeogeographic re or ga ni za tion of the re gion.
Strati graphic maps and fa cies dis tri bu tion (see Milewicz,
1997; Voigt et al., 2008) in di cate sed i men ta tion of the
¯erkowice Mem ber due to and dur ing a forced re gres sion.
Its sed i men ta tion was ter mi nated due to sea re treat. In the
North Sudetic Ba sin, the sea re treated to the north west (Fig.
17A). At that time, the north west ern stretch of the
¯erkowice Mem ber lithosome marked the ba sin shore and
its shoreface whereas its souteastern coun ter part blan keted
the ad join ing, el e vated coastal plain. The outer frag ments of 
the lithosome, lo cated out side of the pres ent North Sudetic
Ba sin, could ex pe ri ence ero sion up to com plete re moval
dur ing fi nal stages of the re gres sion and the sub se quent
stillstand. Thus, the up per bound ary of the ̄ erkowice Mem -
ber in these ar eas can by deeply ero sional, be com ing older
out side the lithosome. In con trast, in ar eas of ba sin shore
and shoreface, lo cated in side the pres ent North Sudetic Ba -
sin, ter mi na tion of the ¯erkowice Mem ber sed i men ta tion
re sulted in its burial with de pos its of lower en ergy en vi ron -
ments, laid down dur ing a new trans gres sion. The lat ter de -
vel op ment seems to have oc curred in the study area. Such
con clu sion is in ferred from the ab sence of ei ther a saprolite
cover on the sand stone or dis tinc tive ero sion of its top,
which nor mally re flect pro longed emersion. This is also
con sis tent with the up ward tran si tion of the sand stone into
lac us trine clay pass ing up ward into paludal de pos its. This
type of en vi ron men tal al ter ation was at tain able by a fast,
tight sep a ra tion of the area from the open sea by a sand bar -
rier de vel oped some where off shore (Fig. 17B). As a re sult,
the area be came trans formed from a mar ginal part of sea
into a coastal lake. Oc cur rence of clay rest ing on fore shore
sand stone sug gest rapid ex pan sion of that lake.

One can not ex clude the pos si bil ity that the above in -
ferred sand bar rier is ac tu ally re corded by the zone of sandy
de pos its co eval with those of the Nowogrodziec Mem ber,
re cog nised by drillings in the cen tral the North Sudetic Ba-
sin (Milewicz, 1997, 2006). This zone com mences ca. 10 km
north west of the study area. The bar rier could have been
formed dur ing a stillstand be tween the re gres sion re lated to
the sed i men ta tion of the ¯erkowice Mem ber and com -
mence ment of a new trans gres sion re spon si ble for the de po -
si tion of the Nowogrodziec Mem ber. Sim i lar trans for ma -
tion of a coastal area was sug gested by Carter (1979) for the
Qua ter nary de vel op ment of Gipps land (Aus tra lia). It is
note wor thy that the above-pre sented evo lu tion of the area

does not ex clude dif fer ent de vel op ments of ad join ing ar eas,
par tic u larly those lo cated south east of Rakowice Ma³e.
These ar eas could ex pe ri ence ero sion and non de po si tion
be fore they be came cov ered by the Czerna For ma tion.

The Nowogrodziec Mem ber was that which started to
de velop in the lake and ad ja cent non-ma rine en vi ron ments.
Its mid dle part re cords trans for ma tion of the lake into marsh 
(Fig. 17C). This hap pened when sed i ment sup ply to the area 
out paced the ac com mo da tion space in the lake. Lo cal oc cur -
rence of two ho ri zons con tain ing root struc tures in di cate lat -
eral shift of path ways of in creased sed i ment sup ply to the
area. The ap pear ance of the trace fos sils Teredolites cla-
vatus and Thalassinoides isp. in the up per part of this unit
in di cate time of ma rine in cur sion. In creased in flu ence of
ma rine wa ters oc curred at least dur ing the sed i men ta tion of
the unit over ly ing the up per coal seam, as is sug gested by its 
in ten sive bur row ing, in clud ing trace fos sils in dic a tive of the 
Cruziana Ichnofacies. A new ep i sode of grad ual deep en ing
of the area, as so ci ated with de creas ing sa lin ity of wa ter, is
re corded by the top part of the mem ber (Fig. 17D). This part 
of the suc ces sion also im plies sed i men ta tion dur ing the ad -
vanced trans gres sion up to max i mum flood ing. The top part
of the suc ces sion over ly ing the Nowogrodziec Mem ber
shows fea tures in dic a tive of the ini ti a tion of a re gres sive
phase. Its char ac ter, that is whether this was a forced re gres -
sion or a nor mal re gres sion, re mains un clear. The trace fos -
sils and body fos sils sug gest the de vel op ment of a set ting
show ing in creased wa ter sa lin ity rel a tive to that as so ci ated
with the de po si tion of the upper part of the Nowogrodziec
Member. This suggestion implies some improvement of the
connections of the area with the open sea (Fig. 17E).

SUM MARY AND CON CLU SIONS

The Up per Cre ta ceous de pos its that crop out at Rako-
wice Ma³e, North Sudetic Ba sin, com prise a con spic u ous
lithofacies and ichnofossil re cord of paralic sed i men ta tion.
Ichnofossils pro vide valu able data, par tic u larly on the or i -
gin of the Czerna For ma tion. The oc cur rence of 14 ichno-
gen era and at least 16 ichnospecies is in ferred from the re -
corded sed i ment fea tures. The trace fos sils rep re sent the
ichnofacies Skolithos, Teredolites and Cruziana. Cruziana
Ichnofacies is rep re sented by rich est trace fos sil as sem blage 
and oc curs in sev eral ex pres sions sug ges tive of stressed,
brack ish, and poorly ox y gen ated en vi ron ments.

The ¯erkowice Mem ber is of up per shoreface to fore -
shore or i gin. This is in di cated both by lithofacies and ichno- 
fos sils. Its large-scale cross-strat i fied sand stone was de pos -
ited as a fill of chutes and as wave-formed bars. The mas -
sive sand stone seems to have orig i nated mainly from de po -
si tion by mass-sand flows (fluidised flows).

The iron stone crust at the top of the ¯erkowice Mem ber 
is of intraformational or i gin. It was formed to gether with
col our band ing and mot tling of the over ly ing clayey mud-
stone of the Nowogrodziec Mem ber due to the in flu ence of
a fluc tu at ing redox front.

The Nowogrodziec Mem ber com prises de pos its of a
grad u ally drowned area that was trans formed from a lake
through a marsh to a brack ish la goon. The lac us trine or i gin
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re fers to var ie gated, clayey mudstone at the base of the
Nowogrodziec Mem ber and is in ferred from the dom i nance
of kaolinite and the lack of bur rows in these de pos its.
Paludal sed i men ta tion is doc u mented in the over ly ing part
of the suc ces sion by two beds con tain ing plant roots and
frag ments of drift wood. In cur sion of ma rine wa ters to the
area is in di cated in muddy sand stone sep a rat ing the coal
seams by the ap pear ance of wood frag ments con tain ing the

bioerosion trace fos sil Teredolites clavatus and the bur row
Thalassinoides isp.

Max i mum flood ing re lated to de po si tion of the suc ces -
sion oc curred dur ing the sed i men ta tion of coaly mudstone
that is lo cated at the top of the Nowogrodziec Mem ber. At
that time, the area ob tained a broader con nec tion with the
open sea as is in di cated by the ap pear ance of thick bod ies of 
clean sand, shelly fauna and the trace fos sils Asterosoma,

CONIACIAN–?SANTONIAN PARALIC SED I MEN TA TION 21

Fig. 17. Palaeogeographic evo lu tion of the area pre ced ing and
co eval with the sed i men ta tion of the de pos its con sid ered in this
pa per. In ter pre ta tion in ferred from data gath ered in this study and
from the lit er a ture. Geo chron ol ogy based on in fer ence by Walasz-
czyk (2008)



Ophiomorpha and Skolithos. Some shallowing due to nor -
mal re gres sion is re corded in this part of the Czerna
Fomation. It was de pos ited on an in ter mit tently pro gress ing
shore of a bay adjacent to the delta .

There was prob a bly no sig nif i cant gap be tween the ter -
mi na tion of the ̄ erkowice Mem ber sed i men ta tion and com -
mence ment of the Nowogrodziec Mem ber sed i men ta tion in
this area. The change of depositional en vi ron ments re -
corded be tween these units re sulted from the stop ping of the 
forced re gres sion and sep a ra tion of the area from the open
sea by a sand barrier.

The oc cur rence of brack ish-wa ter de pos its in the ex am -
ined suc ces sion is re lated to de po si tion in a mar ginal-ma -
rine sed i men tary sys tem de vel oped in a low re lief area,
show ing re stricted con nec tion with the open sea and richly
fed with fresh wa ter. Sa line wa ter was probably supplied by
tides.

The Czerna For ma tion seg ment ex am ined in this pa per
seems to rep re sent a 5th or der T-R cy cle topped by sed i -
ments of nor mal re gres sion. The lo ca tion of the up per
bound ary of this cy cle is not clear be cause the over ly ing de -
pos its were re moved dur ing a post-Santonian erosion.

The du plex struc ture and the thrust faults re corded in
the Nowogrodziec Mem ber are of postsedimentary, vol -
cano-tec tonic or i gin. They were formed due to upbulging of 
the area dur ing the ini ti a tion of the vol cano re corded as a
ba saltic neck at ¯erkowice vil lage. The volcanotectonic ini -
ti a tion is in di cated by only struc tural mod i fi ca tion of the en -
tire sedimentary succession.
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