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The sed i men tary suc ces sion of the larg est ex am ple of an Up per Oxfordian reef lo cated in the south ern part of the Pol ish sec -
tor of the north ern Tethys shelf is de scribed. De tailed sam pling of ex po sures en abled char ac ter iza tion of the full suc ces sion
of fa cies and microfacies di ver sity, doc u ment ing the reef evo lu tion. The suc ces sion stud ied rep re sents the max i mum de vel -
op ment of Up per Ju ras sic reefs in Po land cor re spond ing to the up per Transversarium and the Bifurcatus zones, and fol -
lowed by drown ing of the car bon ate plat form in the lower Bimmamatum Zone. The reef suc ces sion com prises three types of
fa cies, in which eight im por tant microfacies types were distingushed, re flect ing sev eral stages of reef de vel op ment.
Mid-ramp, mi cro bial-sponge frame-reefs rep re sent a transgressive depositional se quence, up to tens of metres thick. A mi -
cro bial-Crescentiella-ooid and ooid-intraclast-bioclast fa cies form nu mer ous, decimetre- to metre-scale, se quences cor re -
spond ing to higher-or der, transgressive/re gres sive sea level changes. These fa cies rep re sent a mid-in ner ramp set ting
when sed i men ta tion was dom i nated by bioclasts and non-skel e tal grains (mainly ooids, oncoids, ag gre gate grains and
intraclasts). The grains were sta bi lized by microbialites and ce mented in early diagenesis, which cre ated grain-dom i nated,
mi cro bial-ce ment sup ported reefs. As a re sult, both the mid-ramp, mi cro bial-sponge frame-reefs and the shal low-wa ter,
grain-dom i nated, mi cro bial-ce ment sup ported reefs form ex ten sive, strongly lithified Oxfordian reef com plexes in the
Kraków–Czêstochowa Up land.
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INTRODUCTION

The most char ac ter is tic fea tures of the Kraków–Czê -
stochowa Up land (KCU), also named the “Pol ish Jura”, are the
Up per Ju ras sic white rocks, form ing ver ti cal cliffs, which rep re -
sent var i ous types of Oxfordian reefs (Fig. 1A). In the KCU land -
scape, the reefs form sev eral NW–SE-trending ranges dom i -
nated by hard, reefal mas sive fa cies, which, to gether with
biostromal thick-bed ded fa cies build ex ten sive reef com plexes
(e.g., D¿u³yñski, 1952; Matyszkiewicz, 1997; Matyszkiewicz et
al., 2006a, b, 2015a). The Oxfordian reefs ex tend to the SE, in
the base ment of the Carpathian Foredeep (Morycowa and
Moryc, 1976; Król, 2004; Matyja, 2009; Krajewski et al., 2011).
In the Pol ish part of the Tethys shelf, the car bon ate build ups
started to grow at the be gin ning of the Mid dle Oxfordian (Fig. 2)
as small, sponge and sponge-mi cro bial, low-re lief, spaced clus -
ter reefs (sensu Rid ing, 2002) with out rigid frame works (e.g.,
D¿u³yñski, 1952; Trammer, 1982; Matyszkiewicz et al., 2012,
2015b). These build ups evolved in time into the Late Oxfordian

as: (1) sponge-mi cro bial seg ment-reefs with lam i nar frame -
works, (2) sponge-mi cro bial filled frame-reefs with ini tial, re tic u -
late rigid frame works, which, in turn, were later re placed by (3)
mi cro bial-sponge or mi cro bial-Crescentiella open frame-reefs
with well-de vel oped re tic u late rigid frame works and com mon
stromatactis-like cav i ties (e.g., Trammer, 1989; Matyszkiewicz,
1997; Krajewski, 2000; Matyszkiewicz et al., 2006a, 2012,
2015a, b; Olchowy, 2011). These reefs are built mostly or in
places even en tirely of grainstones sta bi lized by mi cro bial
struc tures and con tain only small amounts of meta zo ans.

The most spec tac u lar Up per Ju ras sic reefs en coun tered in
the Pol ish sec tor of the north ern Tethys shelf crop out ~25 km to 
the NW of Kraków, in the Pr¹dnik River Val ley (the Ojców Na -
tional Park) and in the Bêdkowska Val ley (Fig. 1). In the
Bêdkowska Val ley two va ri et ies of car bon ate build ups oc cur:
(1) mi cro bial-sponge, and (2) nu mer ous, small mi cro -
bial-Crescentiella (orig i nally mi cro bial-Tubiphytes) bioherms
(Krajewski, 2000; Krajewski and Matyszkiewicz, 2004).

De spite the long re search his tory of Oxfordian reefs in both
the ex ten sive north ern shelf of the Tethys Ocean (e.g.,
Gwinner, 1976; Gaillard, 1983; Keupp et al., 1993; Koch et al.,
1994, Leinfelder et al., 1994, 1996; Leinfelder and Keupp,
1995; Helm and Schülke, 1998; Dupraz and Strasser, 1999;
Schmid et al., 2001; Olivier et al., 2003; Olóriz et al., 2003;
Reolid et al., 2005; Reolid and Gaillard, 2007 and refferences
therein) and the KCU (e.g., D¿u³yñski, 1952; Roniewicz and
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Roniewicz, 1971; Trammer, 1982, 1989; Matyszkiewicz and
Felisiak, 1992; Matyszkiewicz and Krajewski, 1996; Matysz -
kiewicz, 1997; Krajewski, 2000; Matyszkiewicz et al., 2006a, b,
2012; Kochman and Matyszkiewicz, 2013; Matyszkiewicz and
Kochman, 2016), the de tailed sed i men tary suc ces sion of the
main phase of reef growth in Po land has not been fully rec og -
nized up to now for many rea sons, e.g.: (1) lim ited ac ces si bil ity
in flu enc ing the mac ro scopic ob ser va tions, (2) ap par ently mo -
not o nous mac ro scopic fa cies and (3) only few suc ces sions be -
ing sub jected to de tailed microfacies anal y sis. This pa per pres -
ents data gath ered from new logs, which al low for a more de -
tailed re con struc tion of the growth stages of the Up per
Oxfordian reefs in the south ern part of the KCU.

UPPER JURASSIC SEDIMENTARY SUCCESSION
AND FACTORS CONTROLLING DEPOSITION
 IN THE KRAKÓW–CZÊSTOCHOWA UPLAND

The KCU is a part of the Silesian–Kraków Homocline built of 
Tri as sic, Mid dle–Up per Ju ras sic and Up per Cre ta ceous, mainly 
car bon ate strata that dip gently to the NE. The max i mum thick -
ness of Up per Ju ras sic de pos its in the Kraków area is ~250 m
(Fig. 2). The Up per Ju ras sic suc ces sion be gins with Lower
Oxfordian and Lower–Mid dle Oxfordian thin-bed ded marls al -
ter nat ing with marly lime stones (Fig. 2). These strata grade up -
wards into strongly dif fer en ti ated, Mid dle Oxfordian–Lower
Kimmeridgian mas sive and thick-bed ded lime stones with flints
(Fig. 2). The top most, Lower Kimmeridgian part of the suc ces -
sion com prises thin-bed ded lime stones and marls. In the Up per 
Ju ras sic suc ces sion of south ern Po land, three ep i sodes re lated 
to synsedimentary tec tonic events have been iden ti fied in the
fol low ing zones: (1) Transversarium, (2) lower Bimammatum
and (3) Platynota (Fig. 2). Dur ing these ep i sodes, breaks in reef
growth oc curred en abling the de vel op ment of grav ity-flow de -
pos its (debrites, calciturbidites, olistoliths) and nep tu nian dykes
(e.g., Matyszkiewicz, 1997; Matyszkiewicz et al., 2006a, 2012,
2016; Zió³kowski, 2007; Barski and Mieszkowski, 2014;
Brachaniec et al., 2016; WoŸniak et al., 2018).

The Pol ish part of the car bon ate plat form is com monly clas -
si fied as a car bon ate ramp (e.g., Kutek, 1994; Gutowski et al.,
2005; Krajewski et al., 2011a, 2016) or an open shelf (e.g.,
Matyja et al., 1989). The main con trol ling fac tors of plat form
evo lu tion were: (1) sea level changes, (2) synsedimentary tec -
ton ics and (3) Pa leo zoic base ment el e va tions (e.g., Kutek,
1994; Matyszkiewicz, 1997; Gutowski et al., 2005;
Matyszkiewicz et al., 2006a, b, 2012, 2016; Barski and
Mieszkowski, 2014; Krajewski et al., 2014, 2016, 2017; 
Wierzbowski, 2017; WoŸniak et al., 2018). Par tic u larly im por -
tant fac tors, which pe ri od i cally mod i fied the sea-bot tom mor -
phol ogy and the palaeoenvironmental con di tions, were exten -
sional tec tonic move ments (Kutek, 1994; Matyszkiewicz, 1997;
Krajewski et al., 2016; Matyszkiewicz et al., 2016). The KCU
area oc cu pies the bor der zone of large, Pa leo zoic, re gional tec -
tonic units: the Ma³opolska and the Up per Silesian ter ranes
(Fig. 1A and B). The synsedimentary tec ton ics, re lated to re ju -
ve na tion of Pa leo zoic struc tures (e.g., ̄ aba, 1999), caused pe -
ri odic breakup of the car bon ate plat form into many smaller,
fault-con trolled intra-plat form ridges and bas ins (e.g., Matysz -
kiewicz et al., 2006a, 2012; Krajewski et al., 2016, 2017). These 
ridges and bas ins, lo cated at the con tact of the Up per Silesian
and Ma³opolska ter ranes, may have re sulted from NE-trending
progradation of the rift ing pro cess from the south ern ar eas to -
wards the north ern Tethys shelf. The open ing of the North At -
lan tic and Tethys Oceans re sulted in the Late Ju ras sic re or ga -
ni za tion of the stress field, which af fected also the pas sive,
north ern mar gin of the Tethys (e.g., Ziegler, 1990; Allenbach,

Fig. 1. Location of the study area

A – lo ca tion map of the study ar eas with Up per Ju ras sic out crops
and sub-Ce no zoic Ju ras sic subcrops (blue) in south ern and cen tral
Po land af ter Po¿aryski et al., (1979), mod i fied and sim pli fied; tec -
tonic struc tures (red) af ter ¯elaŸniewicz et al. (2011); TTZ – 
Teisseyre-Tornquist Zone, EEP – East Eu ro pean Plat form, WEP –

West Eu ro pean Plat form; B – lo ca tion of the Ojców Pla teau on the

DT mag netic anom aly map (mod i fied af ter Jêdrys and Krajewski,
2007) and the main tec tonic struc tures af ter ¯elaŸniewicz et al.
(2011); green rect an gle in di cates study area shown on Fig. 1C; C –
map of the Oxfordian fa cies; af ter Krajewski and Matyszkiewicz
(2004, mod i fied) with in ves ti gated ex po sures; 1 – Sokolica, 2 –
Wysoka, 3 – Bêdkowice Quarry, 4 – Cmentarzysko, 5 – Iglica, 6 –
Dupa S³onia; 7 – Turnia Lipczyñskiej; 8 – Brandysowa, 9 –
Przecówki, 10 – Brod³o, 11 – Szklary Quarry

https://gq.pgi.gov.pl/article/view/7364
https://gq.pgi.gov.pl/article/view/7364
https://gq.pgi.gov.pl/article/view/7364
https://gq.pgi.gov.pl/article/view/25763
https://gq.pgi.gov.pl/article/view/25763


2002; Nieto et al., 2012; Krajewski et al., 2016; Matyszkiewicz
et al., 2016).

MATERIALS AND METHODS

The de tailed sedimentological ob ser va tions were car ried out
on the Sokolica Rock lo cated in the cen tral part of the
Bêdkowska Val ley (Figs. 1C and 3). The Sokolica Rock is the
larg est ex po sure of Oxfordian mas sive reef fa cies in Po land. The 
main face of the Sokolica Rock is up to 80 m high. In or der to re -
con struct both the ver ti cal and the lat eral de vel op ment of the fa -
cies, six ver ti cal logs were es tab lished us ing climb ing tech niques 
(Fig. 3). Along these lines vari abil ity of fa cies de vel op ment was
noted and sam ples were col lected for pol ished sec tions and lab -
o ra tory anal y ses: microfacies ob ser va tions and cathodo -
luminescence stud ies (CL) in thin sec tion. CL ob ser va tions were
car ried out us ing a cold-stage cathodo luminescence mi cro scope 
CLmk3A of CIT Ltd., cou pled with the Nikon Eclipse 50T. The ac -
cel er at ing volt age was 15–17 kV and the elec tron-beam in ten sity 
450–500 mA. More over, microfacies anal y sis was also car ried on 
ad ja cent ex po sures: Brod³o, Iglica, Cmentarzysko, Dupa S³onia,
Przecówki, Wysoka and Brandysowa rocks as well as in the
Bêdkowice Quarry (Fig. 1C; Krajewski and Matyszkiewicz,
2004), in or der to see whether the fa cies iden ti fied in the Sokolica 
Rock ex tend lat er ally.

RESULTS

OXFORDIAN SEDIMENTARY SUCCESSION OF THE STUDY AREA

The base ment of the study area is built of Cam brian de pos -
its in truded by Perm ian granitoids which form the Bêdkowska
Val ley batholith un der ly ing the Ojców Pla teau (Fig. 1B; e.g.,
Harañczyk et al., 1995; ¯aba, 1999; ¯eleŸniewicz et al., 2011).
The top sur face of the Pa leo zoic base ment is lo cated a few
metres be neath the Callovian/Oxfordian bound ary, which is a
transregional con densed ho ri zon with yel low or red stromatolitic 
struc ture (Fig. 2; e.g., Matyszkiewicz et al., 2015b). Above, we
ob serve Lower and Mid dle Oxfordian marls, sponge-bear ing
marly lime stones and thin-bed ded bioclastic lime stones (lo cally
named “platy lime stones”; e.g., D¿u³yñski, 1952) with an abun -
dant ammonite fauna and a to tal thick ness of up to a dozen
metres in the Kraków area (e.g., Matyja and Tarkow ski, 1981;
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Fig. 2. Lithostratigraphic col umn of Up per Ju ras sic strata in the 
south ern part of the Kraków–Czêstochowa Up land with the
strati graphic po si tion of the sed i men tary suc ces sion from
Bêdkowska Val ley (af ter Matyszkiewicz et al., 2016, mod i fied)

Fig. 3. Sokolica Rock, location of the logs studied (dotted red
lines), western slope, height of rock ~80 m
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G³owniak, 2006; Jurkowska and Ko³odziej, 2013). These de -
pos its grade both ver ti cally and lat er ally into the Up per
Oxfordian white, mas sive or, rarely, pseudonodular lime stones
de fined as a rock com posed of densely packed, con nected
rounded-oval to subangular nod ules (see Matyszkiewicz and
Kochman, 2016). In the Bêdkowska Val ley, the thick ness of
mas sive lime stones reaches 120 m whereas the thick ness of
the whole Up per Ju ras sic sed i men tary suc ces sion in the study
area is up to 150 m, which con sti tutes more than half of to tal
thick ness of this unit in the Kraków area (Fig. 2). The top part of
the Up per Ju ras sic sed i men tary suc ces sion in the study area
com prises bioclastic, me dium- and thin-bed ded lime stones with 
flints, in ter ca lated with marly lime stones and marls, all ac ces si -
ble in a few ex po sures or small quar ries scat tered across the
Ojców Pla teau.

STRATIGRAPHY

The stra tig ra phy of the Up per Ju ras sic de pos its in the study
area is based upon ammonites (Krajewski, 2000; Krajewski and 
Matyszkiewicz, 2004; Fig. 1C). In the bot tom part of the suc ces -
sion, a sev eral-metres-thick unit of marls and sponge-marly
lime stones rep re sents the Lower and Mid dle Oxfordian in the
Kraków area (Cordatum–Plicatilis zones; e.g., Matyja and
Tarkowski, 1981; G³owniak, 2006; Fig. 2). Up wards thin-bed -
ded lime stones (platy lime stones) ap pear, rep re sent ing the
Transversarium Zone. In these lime stones, Perisphinctes
(Dichotomosphinctes) dobrogensis Simonescu in dic a tive of the 
Buckmani Subzone was found, to gether with Subdisco -
sphinctes sp. Malinowska and Perisphinctes (Dichotomosphin -
ctes) elisabethae de Riaz rep re sent ing the Elisabethae
Subzone of the up per Transversarium Zone as well as
Perisphinctes (Dichotomoceras) wartae Bukowski from the
Wartae Subzone of the Bifurcatus Zone (Krajewski and
Matyszkiewicz, 2004; E. G³owniak, pers. com., 2000). The
mas sive lime stones ob served in the low er most part of the suc -
ces sion also rep re sent the up per part of the Transversarium
Zone or the lower part of the Bifurcatus Zone (Krajewski, 2000;
Fig. 2). The ammonite en coun tered in the cen tral part of the
Sokolica Rock is Perisphinctes (Dichotomoceras) cf.
bifurcatoides Enay, which in di cates the Stenocycloides
Subzone, i.e. the up per part of the Bifurcatus Zone (Krajewski,
2000; B.A. Matyja, pers. com., 1998). The mas sive lime stones
are cov ered with bioclastic bed ded lime stones with flints in ter -
ca lated with marls and marly lime stones. Over the Ojców Pla -
teau, these car bon ates are dated at the Hypselum-
 Bimammatum Subzone of the Bimmamatum Zone (Zió³kowski,
2007; Fig. 2).

FACIES, MICROFACIES AND SEDIMENTARY SUCCESSIONS 
OF THE SOKOLICA ROCK

In the Sokolica Rock sed i men tary suc ces sion, three fa cies
types (FT 1, 2, 3; Fig. 4) were dis tin guished: (1) mi cro -
bial-sponge (FT 1), (2) mi cro bial-Crescentiella-ooid (FT 2) and
(3) ooid-intraclast-bioclastic (FT 3). Com par a tive ob ser va tions
made in the vi cin ity of the Sokolica Rock (Fig. 1C) in di cated a
sim i lar fa cies and microfacies suc ces sion. Hence, it is as sumed 
that the sed i men tary suc ces sion of the Sokolica Rock can be
pro posed as rep re sen ta tive for other reef com plexes in the
south ern part of the KCU. In these fa cies, eight microfacies
types were iden ti fied (MT I–VIII; Figs. 4–11). Com par i son of
microfacies de vel op ment and vari abil ity in the Sokolica Rock
suc ces sion with the ad ja cent ex po sures en ables us to sug gest

that these fa cies form char ac ter is tic strati graphic in ter vals of
sig nif i cant lat eral ex tent (Fig. 5).

The ver ti cal fa cies tran si tions are grad ual al though usu ally
ob served within a decimetre. The FT 1/FT 2, 3 tran si tion is not
con fined to the same level, which re flects a di verse re lief of the
mi cro bial-sponge reef dur ing its growth (Fig. 5). By con trast, the 
FT 2, 3/FT 1 tran si tions ob served higher in the suc ces sion oc -
cur at the same lev els across the Sokolica Rock (Fig. 5). The
abun dant sponges ob served in the FT 1 fa cies al low for mac ro -
scopic dis tin guish ing of this type from both the FT 2 and FT 3
types, which are dom i nated by microbialites and non-skel e tal
grains. Thick nesses of the FT 1 type vary from sev eral to a
dozen metres (Fig. 5). Due to in tense ce men ta tion re sult ing in
the mas sive struc ture of the lime stones and the cyclicity of sed i -
men tary se quences, the FT 2 and FT 3 types are dif fi cult to
iden tify mac ro scop i cally (Figs. 3 and 5). More over, some parts
of the lime stones were sub jected to sili ci fi ca tion. In places, the
FT 1/FT 2, 3 bound aries are marked by synsedimentary brec -
cias, which doc u ment dis tinct ero sional ep i sodes caus ing
breaks in reef growth. The brec cias are sev eral tens of cen ti me -

Fig. 4. Microfacies types (MT), facies types (FT) 
and sedimentary successions of the massive facies

 of the Bêdkowska Valley



ters thick and are com posed of an gu lar to subangular clasts of
FT 1 (Fig. 5B).

Based upon the fa cies, two sed i men tary suc ces sion types
were dis tin guished in the Sokolica Rock: (1) suc ces sion type A
(STA) com posed by FT 1 fa cies and (2) suc ces sion type B
(STB) com posed by FT 2 and FT 3 fa cies (Figs. 4 and 5).

SUCCESSION TYPE A (STA)

FT 1: mi cro bial-sponge fa cies. This fa cies dom i nates in
three strati graphic in ter vals up to 30 m thick in the low er most part 
of the Sokolica Rock (Fig. 5). Within these in ter vals, the FT 1 fa -
cies does not re veal es sen tial changes in de vel op ment – it com -
prises gen er a tions of cal ci fied si li ceous sponges form ing
so-called “uni tary sed i men tary se quences”, over grow ing one an -
other. The uni tary sed i men tary se quences are built of sponges
to gether with the en crust ing epifauna, microbialites grow ing on
top of the sponges and bioclastic-micritic wackestones-pack -
stones fill ing the intraframework spaces (Figs. 6A, B and 7A–C).
The FT 1 type in cludes two microfacies types: (1) sponge-mi cro -
bial float stone-framestone (MT I; Figs. 6A and 7A) and (2) mi cro -
bial-sponge framestone (MT II; Figs. 4 and 6B, C). Ba si cally, the
MT I microfacies is formed mainly of con sec u tive gen er a tions of
dish-shaped, cal ci fied si li ceous sponges (Lithistida and
Hexactinellida) onto which clot ted thrombolites and micritic
stromatolites (cf. Schmid, 1996; Rid ing, 2000, 2002) are de pos -
ited (Figs. 6A and 7A, B). The intraframework spaces are filled
with fine-grained bioclastic wackestones or float stones or, rarely,

packstones com posed mostly of peloids, tuberoids, brachi o -
pods, spicules and nu mer ous small bioclasts (Figs. 6A and 7A).
Lay ered leiolites are also com mon. Apart from microbialites and
sponges, microencrusting or gan isms are abun dant, usu ally
bryo zoans, ben thic foraminifers (Nubecularia, Bullopora),
serpulids and ag glu ti nat ing annelids Terebella lapilloides. Lo -
cally, in the lower part of the Sokolica Rock suc ces sion, one can
ob serve the FT 1 fa cies de vel oped as pseudonodular lime stones 
form ing metre-scale, nest-like bod ies within the mas sive lime -
stones. The pseudonodular lime stones con sist of rounded nod -
ules con tact ing each other along the sty lo lites (e.g.,
Matyszkiewicz and Kochman, 2016). Most FT 1 fa cies in ter vals
are dom i nated by mi cro bial-sponge framestone (MT II) with pre -
vail ing lay ered and clot ted thrombolites and peloidal
stromatolites de vel oped on the sponges and within the
intraframework spaces (Figs. 4, 6B and 7C). In the up per parts of 
FT 1 in ter vals, the MT II microfacies shows in creas ing amounts
of non-skel e tal grains. In such cases, both the sponges and the
microbialites are cov ered by packstone-, rarely grainstone-type
de tri tus com posed of small (up to 0.6 mm), mostly micritized
ooids, intraclasts and bioclasts (Fig. 7C). In some lower parts of
the reefs, larger amounts of re de pos ited grains caused pe ri od i -
cal breaks in the reef growth (Krajewski, 2000; Krajewski and
Matyszkiewicz, 2004).

Fa cies in ter pre ta tion: the sponge-mi cro bial and mi cro -
bial-sponge fa cies (FT 1) is widely dis trib uted over the whole
north ern shelf of the Tethys Ocean (see e.g., Keupp et al.,
1993; Leinfelder et al., 1994, 1996; Matyszkiewicz, 1997;
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Fig. 5A – distribution of the facies (FT 1 and FT 2+3) in the sedimentary succession of Sokolica Rock, red arrow
indicates ammonite find; B – breccias observed in the central part of Sokolica Rock

Explanations as in Figure 4
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Fig. 6. Microfacies types in the Oxfordian reefs from Bêdkowska Valley, polished slabs

A – sponge-mi cro bial float stone-framestone, MT I, FT 1, sam ple SN 20; B – mi cro bial-sponge framestone, MT II,
FT 2, sam ple DE 14; C – peloidal stromatolite bindstone-MT IV, ooid-Crescentiella-bioclast grainstone-
 packstone-MT V and ag glu ti nat ing stromatolite bindstone-MT VI, FT 2, sam ple DE 8; D – mi cro bial ooid-bear ing
bindstone-MT VII and ooid-intraclast-bioclast grainstone-rudstone, MT VIII, FT 3, sam ple SS 4; E – mi cro bial
ooid-bear ing bindstone-MT VII, FT 3, sam ple SS 14; F – ooid-intraclast-bioclast grainstone-rudstone-MT VIII,
FT 3, sam ple SS 5; Sp – sponge, IT – layared thrombolite



Schmid et al., 2001; Olóriz et al., 2003; Olivier et al., 2003;
Reolid et al., 2005). FT 1 is in ter preted as rep re sent ing a dis tal,
mid-ramp fa cies, mostly a low-en ergy, nu tri ent-rich en vi ron -
ment (e.g., Keupp et al., 1993; Leinfelder et al., 1994, 1996;
Olóriz et al., 2003; Olivier et al., 2003) be tween the fairweather
and the storm wave bases, the lat ter es ti mated in the north ern
Tethys shelf as some tens of metres (e.g., Leinfelder et al.,
1996; Matyszkiewicz et al., 2006a; Krajewski et al., 2016).
Com mon microencrusters, mostly ben thic mi cro bial com mu ni -
ties, bryo zoans, serpulids, and foraminifers, in di cate a low-en -
ergy en vi ron ment, low sed i men ta tion rate and low terrigenous
in flux (e.g., Reolid and Gaillard, 2007). Terebella lapilloides is
com monly ob served in Up per Ju ras sic reefs and in di cates a
low-en ergy set ting un der dysoxic con di tions (e.g., Reolid et al.,
2005; Kaya and Altiner, 2014).

SUCCESSION TYPE B (STB)

FT 2: mi cro bial-Crescentiella-ooid fa cies. This fa cies
type is ob served in the strati graphic in ter vals above those oc cu -
pied by the FT 1 fa cies (Figs. 4 and 5). Both the FT 2 and FT 3
fa cies com prise nu mer ous, mainly dm-scale sed i men tary units
(Fig. 6C). Hence, be cause of the large-scale, strong lithification, 

it is dif fi cult to pre cisely iden tify the bound aries be tween the
FT 2 and FT 3 fa cies across the en tire Sokolica Rock. Con se -
quently, both fa cies types re main un di vided and are shown as
one in ter val (FT 2+3 in Fig. 5). The rare meta zo ans are rep re -
sented by cal ci fied siliciceous sponges and cal car e ous
sclerosponges (Fig. 6C). Gen er ally, the FT 2 fa cies con sists of
de tri tal sed i ments com monly bound by var i ous types of
microbialites (Figs. 4 and 6C). Sev eral microfacies types (MT
III–VI) can be ob served in the ver ti cal suc ces sion, grad u ally re -
plac ing each other: (1) thrombolitic bindstone (MT III), (2)
peloidal stromatolite bindstone (MT IV), (3) ooid-Cres -
centiella-bioclastic grainstone-packstone (MT V) and (4) ag glu -
ti nat ing stromatolite bindstone (MT VI; Fig. 4). Thick nesses of
par tic u lar microfacies types range from ~10 centi metres to
(rarely) ~1 m.

The MT III microfacies (Figs. 7D and 8A, B) com prises
thrombolites rep re sent ing two mor pho log i cal va ri et ies: (1) fin -
ger-like co lum nar and (2), less com monly, dome-shaped, lay -
ered and poorly struc tured, all form ing ho ri zons up to sev eral
tens of centi metres thick (cf. Schmid et al., 2001). In di vid ual
thrombolite col umns (Fig. 8A, B) are up to ~3 cm wide and up to 
~8 cm high. Spaces be tween the col umns are filled with
allochthonous grains: peloids, small micritic ooids,
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Fig. 7. Microfacies in the Oxfordian reefs from Bêdkowska Valley

A – sponge-mi cro bial float stone; in the lower part sponge (Sp) with micritic stromatolite (mS) on the up per sur face, MT I, FT 1, sam ple SN 20;
B – mi cro bial-sponge framestone; in the lower part sponge (Sp) and clot ted thrombolite (cT) on its up per sur face and inter-skel e tal spaces,
MT II, FT 1, sam ple B³ 4; C – mi cro bial sponge framestone, siliciceous sponge (Sp) and peloidal stromatolite (pS) on the right, in the up per
part peloidal-bioclastic wackestone/packstone, MT II, up per in ter val of FT 1, sam ple SN 5; D – thrombolitic bindstone, col umn of lay ered (in
the lower part) thrombolite (lT) and clot ted (in the up per part) thrombolite (cT), the white ar row in di cates the ori en ta tion of the sam ple, MT III,
FT 2, sam ple SS 11
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Fig. 8. Microfacies in the Oxfordian reefs from Bêdkowska Valley

A – thrombolitic bindstone, densely packed clot ted (cT) and lay ered (lT) col umns of fin ger-like thrombolites (dot ted lines), among col umns of
a sec ond mi cro bial gen er a tion cre ated by peloidal stromatolite (pS) or peloidal-bioclastic packstone sta bi lized by leiolites (L), S – serpulids,
B – bryozoa, MT III, FT 2, sam ple SN 22; B – thrombolitic bindstone, in the cen tral part fin ger-like thrombolite with clot ted (cT) and in the up -
per part lay ered (lT) tex ture, be tween col umns of thrombolite thin-grained peloid-bioclastic packstone-grainstone sta bi lised by peloidal (pS)
or agglutinuating (aS) stromatolites, Br – bor ings, MT III, FT 2, sam ple S 11
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Fig. 9. Microfacies in the Oxfordian reefs from Bêdkowska Valley

A – stromatolite bindstone (MT IV) and Crescentiella-bioclastic-ooid grainstone-packstone (MT V), St – stromatactis-like cav i ties, pS 
– peloidal stromatolite, mS – micritic stromatolite, Br – bor ing, FT 2, sam ple SS2; B – agglutinuating (aS) and micropeloidal (mS)
stromatolite bindstone, two gen er a tion of stromatolite with ac cu mu la tion of peloids and mi cro-ooids, MT VI, FT 2, sam ple SS 11; C –
mi cro bial bindstone, on the left peloidal microbialite with bor ings (Br), on the right grainstone with ooids, peloids and mi cro-oncoids,
MT VI, FT 2, sam ple S 3; D – mi cro bial bindstone and ooid-peloid grainstone, MT VII, FT 2, sam ple S 33; E – ooid-mi cro-oncoid and
peloid grainstone with nor mal grad ing sta bi lized by mi cro bial crusts, MT VII, FT 2, sam ple SS 15
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Fig. 10. Microfacies in the Oxfordian reefs from Bêdkowska Valley

A–C – ooid grainstone with nu mer ous intraclasts, ag gre gate grains, oncoids and bioclast, MT VIII, FT 3, sam ples Btu, S 41, SS 17; D –
Crescentiella morronensis (Cr), ooid-oncoid grainstone; MT VIII, FT 3, sam ple SS 14; E – ooid-bioclast grainstone with cal car e ous green al -
gae Campbelliella striata, MT VIII, FT 3, sam ple SS 44; F – intraclast-ooid rudstone with Crescentiella morronensis (Cr), mul ti ple ce ment
gen er a tions are vis i ble, the first gen er a tion of ce ment is rep re sented by a fine rim of radiaxial-fi brous ce ment (ar rows) sur round ing
Crescentiella, voids and grains fol lowed by blocky ce ment (bc), MT VIII, FT 3, sam ple K 9
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Fig. 11. Microfacies in the Oxfordian reefs from Bêdkowska Valley

A, B – crossed polars (A) and CL im age (B) of the void filled with dif fer ent gen er a tion of ce ments, the chro no log i cal or der of ce men ta tion is
high lighted by cathodoluminescence, radiaxial-fi brous ce ment (rf) is cov ered with non-lu mi nes cent, ma rine, phreatic dog tooth ce ment (dc)
which shows red lu mi nes cence only in the outer zones of crys tals; the cen tre of the void is filled with blocky ce ment (bc), MT VII, FT 3, sam ple 
SS 11; C, D – crossed polars (C) and CL im age (D) of the ooid grainstone with chro no log i cal or der of ce men ta tion high lighted by
cathodoluminescence, radiaxial-fi brous ce ment around ooids (ar rows), MT VIII, FT 3, sam ple S 33; E – intraclast-oncoid-ooid rudstone, in
the cen tral part, the voids which are filled with gran u lar quartz, MT VII, FT 3, sam ple SS 9; F – mi cro bial ooid-bear ing bindstone with voids
filled by mul ti ple gen er a tions of ce ments, MT VII, FT 3, sam ple K 3



Crescentiella (an enig matic microencruster; for merly Tubi -
phytes; see Senowbari-Daryan et al., 2008) and bioclasts ce -
mented by structureless mi cro bial crusts form ing char ac ter is tic
con nec tions be tween the fin ger-like thrombolites (Fig. 8A). The
thrombolites con sti tute an ini tial phase of microbialite de vel op -
ment and com monly grade up wards into stratiform peloidal
stromatolites rep re sent ing the MT IV microfacies (Fig. 8B). De -
tri tal com po nents in the stromatolites (MT IV type) com prise
small bioclasts, peloids, Crescentiella and micritic ooids
(Figs. 6C and 9A). At the MT IV/MT V bound ary, be neath the
micritic and peloidal stromatolites, stromatactis-like cav i ties
(sensu Matyszkiewicz, 1997) oc cur (Figs. 6C and 9A). These
struc tures reach 2.5 cm in length and are up to 1.5 cm high. In
their lower parts, the cav i ties con tain in ter nal sed i ments, fol -
lowed by cal cite ce ment (Fig. 9A). The in ter nal sed i ments are
grainstones with ooids, up to 0.5 mm across, and sin gle
oncoids and bioclasts (Fig. 9A). The MT IV, MT V and MT VI
microfacies types form nu mer ous, re pet i tive, decimetre-thick
units (Figs. 4, 6C and 9A). The MT V microfacies is formed by
small ooids (up to 0.5 mm across), bioclasts, bryo zoans and
very abun dant, in di vid ual asesemblages of in di vid ual or, rarely,
co lo nial Crescentiella (Krajewski, 2000) in which the in di vid ual
forms are of ten con nected with mi cro bial crusts (Fig. 9A). The
MT VI microfacies com prises ag glu ti nated, microooid-bear ing
stromatolite-bindstone (Fig. 9B). The stromatolites are com -
monly wavy and dis con tin u ous (Fig. 9B). Apart from ooids, up
to 0.6 mm in di am e ter, fine bioclasts, peloids, intraclasts and
oncoids are pres ent, ac com pa nied by abun dant bioclasts,
brachi o pods, gas tro pods, bi valves, cal ci fied sclerosponges
and echinoderms. Some ooids are micritized and their in ter nal
struc ture is blurred.

Fa cies in ter pre ta tion: lime stone with nu mer ous Cres -
centiella was in cluded in the Tubiphytes–Terebella as so ci a tion
(e.g., Leinfelder et al., 1996). Such an as so ci a tion is com mon in 
a mid-ramp set ting (e.g., Leinfelder et al., 1996; Krajewski et al., 
2016). Such sed i ments were com mon in many parts of Late Ju -
ras sic, open ma rine, shal low-wa ter, epicontinental en vi ron -
ments of the Tethyan Realm (e.g., Leinfelder et al., 1996;
Matyszkiewicz, 1997; Krajewski and Olszewska, 2006;
Senowbari-Daryan et al., 2008; Hoffmann et al., 2017; Pleº et
al., 2017; Krajewski and Schlagintweit, 2018; and ref er ences
therein). FT 2 is a tran si tional fa cies be tween mid-ramp and in -
ner-ramp fa cies. Com mon grainstone in this fa cies type in di -
cates re work ing of ma te rial close to wave base. The non-skel e -
tal com po nents of FT 2, in clud ing oncoids and ooids, in di cate
an en vi ron ment close to the fair-weather wave base. The pres -
ence of phototrophic microbialites and Crescentiella in thick,
mas sive lime stone in di cates palaeo depths above storm-wave
base, i.e., around 40–60 m (e.g., Keupp et al., 1993; Aurell et
al., 1995; Leinfelder et al., 1996; Matyszkiewicz, 1997;
Krajewski et al., 2011, 2016).

FT 3: ooid-intraclastic-bioclastic fa cies. The FT 3 fa cies
con sists of cy clic mi cro bial ooid-bear ing bindstone (MT VII) and 
ooid-intraclast-bioclast grainstone-rudstone (MT VIII) micro -
facies with thick ness rang ing from tens of centi metres to sev -
eral metres (Figs. 4 and 6D–F). The bound aries be tween MT
VII and MT VIII microfacies are fuzzy and the main dif fer ence
be tween both types is the pres ence of ag glu ti nat ing
stromatolites and mi cro bial crusts in MT VII (Fig. 9D, E). Nu -
mer ous voids are filled with dif fer ent types of cal cite ce ment
(Fig. 11A, B, F). The walls of the cav i ties are cov ered with
radiaxial fi brous ce ment, up to 0.02 mm thick, whereas the cen -
tral parts are filled with dog tooth and blocky ce ment types with
crys tals up to 1.1 mm across. This fa cies type is dom i nated by
grainstone-rudstone with var i ous non-skel e tal grains: ooids,
oncoids (types I and II sensu Védrine et al., 2007), ag gre gate

grains, peloids and intraclasts (Figs. 10 and 11). Com mon
radiaxial fi brous ce ment de vel oped around ooids and
intraclasts (Figs. 10  and 11C–F). Well-sorted ooids with
thin-lam i nated, fine-ra dial cor ti ces, up to 0.7 mm across, are
dom i nant (Figs. 10A, C and 11C). The peloids are mostly ir reg -
u lar and up to 0.1 mm in di am e ter (Figs. 10B and 11E). The
intraclasts are also ir reg u lar and reach up to 5 mm across
(Fig. 10B). The oncoids are up to 1.5 mm in di am e ter and show
ir reg u lar micritic laminae (Figs. 10B and 11E). Ag gre gate grains 
com posed of ooids, peloids and bioclasts are abun dant
(Fig. 10C). The skel e tal grains com prise poorly rounded frag -
ments of cal car e ous sclerosponges to gether with frag ments of
echinoderms and bryo zoans. The FT 3 fa cies also con tains bi -
valve shells, echinoderms, gas tro pods and Crescentiella
(Fig. 10D, F). Among the bioclasts, re worked cal car e ous
dasycladalean al gae Campbelliella striata (Carozzi) (Fig. 10E),
?Salpingoporella sp. or Clypeina sp. (I. Bucur, pers. com.,
2018) were iden ti fied.

Fa cies in ter pre ta tion: the FT 3 fa cies rep re sents a mid-in ner 
ramp set ting, in which non-skel e tal com po nents were pre dom i -
nant (e.g., Bádenas and Aurell, 2010). The oolitic grainstone is
in ter preted as de pos ited in nor mal ma rine shal low-wa ter within
the range of nor mal wave base (e.g., Flügel, 2004). The
oolitic-bioclastic grainstone was de pos ited in a mod er ate- to
high en ergy en vi ron ment. The pres ence of re worked cal car e -
ous green al gae de rived from the plat form mar gin or the in ner
ramp may sug gest the pres ence of mid dle ramp set tings (e.g.,
Flügel, 2004; I. Bucur, pers. com., 2018). Types I and II of
oncoids (Védrine et al., 2007) also sug gest open ma rine mid-in -
ner ramp de po si tion en vi ron ment with mod er ate to high wa ter
en ergy.

DISCUSSION

Late Ju ras sic sed i men ta tion in the broad Pol ish sec tor of
the Tethys shelf is usu ally in ter preted in terms of the car bon ate
ramp model, the mor phol ogy of  which was pe ri od i cally de -
formed by synsedimentary tec tonic events (e.g., Kutek, 1994;
Matyszkiewicz, 1997; Gutowski et al., 2005; Krajewski et al.,
2016). The re con struc tion of fa cies dis tri bu tion on car bon ate
ramps is com pli cated due to their vast lat eral ex tent and the lack 
of re cent an a logues (e.g., Burchette and Wright, 1992; Pomar,
2001; Olóriz et al., 2003; Bádenas and Aurell, 2010; Colombié
et al., 2014). More over, the knowl edge of fac tors con trol ling de -
po si tion on car bon ate ramps is still in suf fi cient. Nu mer ous pub li -
ca tions about the Oxfordian mi cro bial-sponge reefs (in clud ing
sponge bioherms, spongiolitic mud mounds, mi cro bial mounds, 
etc.) lo cated on the north ern Tethys shelf deal mostly with char -
ac ter iza tion of skel e tal and non-skel e tal com po nents (in clud ing
microbialite types), clas si fi ca tions of the reefs and in ter pre ta tion 
of the sed i men tary en vi ron ments (e.g., Gwiner, 1976; Gaillard,
1983; Keupp et al., 1993; Leinfelder et al., 1994, 1996; Koch et
al., 1994; Hammes, 1995; Schmid, 1996; Matyszkiewicz, 1997;
Schmid et al., 2001; Reolid and Gaillard, 2007; Matyszkiewicz
et al., 2006a, 2012). Over the broad, north ern Tethys shelf of
West ern and Cen tral Eu rope, the mi cro bial-sponge reefs form a 
wide belt of com plexes of mas sive fa cies (e.g., Leinfelder et al.,
1996, 2002 and ref er ences therein). Among bioconstructions,
the most com mon are: (1) coral reefs, (2) sponge reefs, (3) mi -
cro bial reefs and (4) their com bi na tions, as e.g. sponge-mi cro -
bial reefs, mi cro bial-sponge reefs or coral-si li ceous sponge
reefs (e.g., Roniewicz and Roniewicz, 1971; Leinfelder et al.,
1996, 2002; Insalaco et al., 1997; Matyszkiewicz, 1997; Schmid 
et al., 2001; Dupraz and Strasser, 2002; Olivier et al., 2003;
Reolid et al., 2005). Among microbialites, many types of
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stromatolites, thrombolites and leiolites have been iden ti fied
(e.g., Schmid, 1996; Rid ing, 2000; Schmid et al., 2001; Reolid
et al., 2005; Matyszkiewicz et al., 2012). Due to the seem ingly
mo not o nous fa cies de vel op ment ob served in the char ac ter is tic
ver ti cal white cliffs of dif fi cult ac cess, mak ing mac ro scopic ob -
ser va tions dif fi cult, the ver ti cal sed i men tary suc ces sion of the
reefs in the Ger man-Pol ish Subprovince (e.g., Ziegler, 1990)
has been rarely stud ied up to now (e.g., Koch et al., 1994;
Matyszkiewicz and Krajewski, 1996; Krajewski, 2000;
Matyszkiewicz et al., 2006a).

Among the many white cliffs of Up per Ju ras sic mas sive fa -
cies known from the KCU, the sed i men tary se quence of the
Sokolica Rock pro vides the best doc u men ta tion of the main de -
vel op ment phase of the Oxfordian reefs (Figs. 2 and 5). The
growth of car bon ate build ups at tained its cli max at the end of
the Mid dle Oxfordian (up per Transversarium Zone) and mainly
in the Late Oxfordian (Bifurcatus Zone), pos si bly due to the Mid -
dle Oxfordian (Transversarium Zone) cli mate warm ing and sea
level rise (e.g., Colombié et al., 2014; Wierzbowski, 2015),
which ini ti ated in ten sive de vel op ment of car bon ate plat forms
across many Eu ro pean ar eas on the north ern Tethys shelf
(e.g., Kutek, 1994; Leinfelder et al., 1994, 1996; Matyszkiewicz, 
1997; Olóriz et al., 2003; Bádenas and Aurell, 2010; Colombié
et al., 2014; Krajewski et al., 2016; Zuo et al., 2018). The
Sokolica Rock is a frag ment of a huge reef com plex lo cated in
the south ern part of the KCU, which in cludes both the mas sive
fa cies and the thick-bed ded biostromal fa cies. The mas sive
lime stones from the south ern part of the KCU re sem ble the
mas sive lime stones from south ern Ger many (e.g., Koch et al.,
1994; Leinfelder and Keupp, 1995; Leinfelder et al., 1996;
Matyszkiewicz, 1997). Some of them are com posed pre dom i -
nantly of peloidal-lithoclast-ooid sand fa cies (up to 70%). Ac -
cord ing to Koch et al. (1994), the spa tial dis tri bu tion of the reefs
in re la tion to the sand fa cies was prob a bly con trolled by hy dro -
dy namic con di tions. Sim i lar con clu sions were pre sented af ter
pre lim i nary stud ies of the Sokolica Rock (Krajewski, 2000).
How ever, our re search leads to the con clu sion that such in ter -
pre ta tions re sult from in com plete sam pling of seem ingly mo not -
o nous fa cies, which hin ders the in ter pre ta tion of ver ti cal and lat -
eral fa cies dis tri bu tion. Stud ies of sev eral par al lel pro files in the
ex po sure of the Sokolica Rock dis closed that both the mi cro -
bial-sponge reef (FT 1) and the de tri tal fa cies (FT 2 and FT 3)
form char ac ter is tic strati graphic in ter vals (Fig. 5). The bind ing of 
grains by microbialites and the early ce men ta tion caused strong 
lithification of the in ter vals dom i nated by non-skel e tal grains
(FT 2 and FT 3), which, to gether with the in ter vals rich in cal ci -
fied si li ceous sponges (FT 1) con sti tute the mas sive fa cies
seen as a mono lithic rock com plex. Mac ro scop i cally, the FT 2
and FT 3 fa cies types are more lithified and less po rous in com -
par i son with the FT 1 fa cies, and si li ceous sponges are mi nor
com po nents.

The fa cies and microfacies as well as their ver ti cal suc ces -
sion doc u ment sev eral de vel op men tal stages of car bon ate
buildup of the Sokolica Rock, sug gest ing cy clic changes of the
depositional en vi ron ment, pre sum ably cor re spond ing to
transgressive-re gres sive se quences in the Pol ish part of a
broad, ramp-type car bon ate plat form (e.g., Gutowski et al.,
2005; Krajewski et al., 2016). By con trast with com mon opin ion,
the si li ceous sponges were dom i nant reef build ers only in some
parts of the reefs. In stead, the mas sive fa cies was pro duced
mostly by var i ous microbialites and non-skel e tal grains (e.g.,
Matyszkiewicz, 1997; Matyszkiewicz et al., 2006a, 2012). The
suc ces sion types A (STA) and B (STB) dis tin guished doc u ment 
the reef evo lu tion. The STA formed by mi cro bial-sponge reefs
(FT 1 fa cies) does not show sig nif i cant lithological vari abil ity. At
the ini tial growth stage, the car bon ate build ups were

metre-scale, sponge-mi cro bial spaced and clus ter reefs, which
evolved into mi cro bial-sponge filled-frame reefs with a well-de -
vel oped rigid frame work (e.g., Trammer, 1982; Matyszkiewicz,
1997; Matyszkiewicz et al., 2012). On the ramp, car bon ate
build ups com posed of the FT 1 fa cies formed broad but rather
low-re lief reef com plexes, up to some tens of metres thick (e.g.,
Leinfelder et al., 1994, 1996; Matyszkiewicz, 1997; Schmid et
al., 2001). On the Sokolica reef, their de vel op ment can be ob -
served in three strati graphic in ter vals. The mo not o nous but in -
tense growth of mi cro bial-sponge reefs (FT 1 fa cies) pro ceeded 
un der rel a tively sta ble en vi ron men tal con di tions re lated to re -
duced allochthonous de po si tion prob a bly con trolled by sea
level rise. Their growth ceased with the gen eral shallowing
trend doc u mented, for ex am ple, by the brec cia lev els (Fig. 5)
and in tense redeposition of shal low-wa ter non-skel e tal grains.

The mi cro bial-sponge FT 1 fa cies was over lain by sed i -
ments com posed mostly of highly di verse microbialites and
non-skel e tal grains (FT 2 and FT 3 fa cies). These sed i ments
form mainly dm-scale suc ces sions of type B (STB) built of the
MT IV–VIII microfacies and re sult ing from lower rank sea level
changes. Com mon redeposition of non-skel e tal grains to gether 
with a greater or lesser share of spe cific grains may in di cate
evo lu tion ary stages of plat form de vel op ment, re lated to e.g.
flood ing, aggradational growth of the reefs and progradation of
the plat form (e.g., Flügel, 2004; Bádenas and Aurell, 2010).
Compositional vari abil ity of non-skel e tal grains and cyclicity of
se quences re sult from sea level fluc tu a tions which con trolled
sed i ment pro duc tion on the plat form and in ten sity of shed ding
(e.g., Flügel, 2004).

The FT 2 fa cies ap peared when the sup ply of allochthonous 
ma te rial in creased slightly and the re de pos ited sed i ments were
sta bi lized by microbialites. Vari abil ity of the con tent of non-skel -
e tal grains and the de vel op ment of microbialites were con -
trolled mostly by chang ing hy dro dy namic con di tions and by
redeposition of sed i ments as well as by the lo cal mor phol ogy of
the plat form. These fac tors were re spon si ble for di verse suc -
ces sions, de vel op ment and thick ness of both the FT 2 and FT 3 
fa cies on var i ous parts of the plat form. More over, this di ver sity
is dif fi cult to ob serve due to the mas sive struc ture of the lime -
stones in the KCU.

The most im por tant role in the KCU reef con struc tion was
played by microbialites, which are in ter preted as prod ucts of
organomineralization, i.e. microbially-in duced and micro -
bially-in flu enced min er al iza tion (e.g., Webb, 1996; Rid ing,
2000; Dupraz et al., 2009; Reolid, 2011 and ref er ences
therein). The de vel op ment of microbialites was con trolled by:
(1) back ground sed i men ta tion rate, (2) ground wa ter seep age,
(3) synsedimentary tec ton ics, (4) en ergy of en vi ron ment and (5) 
in flux of nu tri ents (Reitner et al., 1995; Leinfelder et al., 1996;
Rid ing, 2000; Dupraz and Strasser, 2002; Olivier et al., 2003;
Reolid et al., 2005; Matyszkiewicz et al., 2012). In the Sokolica
reef suc ces sion, the microbialites are very di verse, as across
the whole KCU area. Microbialites from the Kraków area (par -
tic u larly the re la tion of their fab ric to var i ous palaeosettings)
were stud ied in de tail by Matyszkiewicz et al. (2012) who found
neg a tive Ce anom a lies to gether with a dis tinct en rich ment in
heavy REE in all the microbialites stud ied and con cluded that
dur ing the Oxfordian the sea wa ter cov er ing the car bon ate plat -
form in the Kraków area was well ox y gen ated and that its al ka -
lin ity was com pa ra ble to that of re cent ma rine en vi ron ments.
The di verse de vel op ment of microbialites was con trolled by lo -
cal sed i men tary con di tions and re mained un af fected by
changes in the sea wa ter chem is try. The suc ces sion of fa cies
types and the vary ing thick ness of par tic u lar microfacies types
on the Sokolica Rock show that the prin ci pal fac tors con trol ling
the growth of microbialites were wa ter en ergy and ac cu mu la -
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tion rate, both de pend ent on lo cal sed i men tary con di tions, as
in di cated by the ob ser va tions of Matyszkiewicz et al. (2012).

In the two strati graphic in ter vals of the Sokolica reef, the
sed i ment is dom i nated by shal low-wa ter, non-skel e tal grains
and con tains only mi nor amounts of meta zo ans. Based on the
dis tri bu tion of non-skel e tal grains on a Kimmeridgian car bon ate 
ramp, Bádenas and Aurell (2010) con structed three mod els: (1) 
low-en ergy, peloidal-dom i nated, (2) in ter mit tent, high-en ergy,
ooid-dom i nated and (3) high-en ergy, ooid/oncoid-dom i nated.
The prev a lence of the non-skel e tal grains build ing the shoal fa -
cies was con trolled mainly by hy dro dy namic con di tions. Con -
sid er ing their de vel op ment and main com po nents, the strati -
graphic in ter vals dom i nated by non-skel e tal grains, which were
ob served in the FT 3 fa cies, re sem ble the di ver sity of non-skel -
e tal grains and the mod els of the ooid-dom i nated, mid-ramp
foreshoal fa cies and in ner-ramp shoal fa cies (cf. Bádenas and
Aurell, 2010). The shoals were cov ered by thinly-lam i nated, ra -
dial ooids (type-3 ooids), which in di cate nor mal-ma rine shal -
low-wa ters and in ter mit tent high-en ergy con di tions (Strasser,
1986; Bádenas and Aurell, 2010). Dur ing pe ri ods of low de po si -
tion rate, these sed i ments were sta bi lized by microbialites. The
pres ence of both type-I and type-II oncoids (Védrine et al.,
2007) points to rel a tively high-en ergy con di tions en abling the
roll ing of oncoids. The prev a lence of a given type of non-skel e -
tal grains on the mid-in ner ramp was mainly an ef fect of hy dro -
dy namic con di tions. The abun dance of re worked peloids in
shal lower set tings can be linked to rel a tively low-en ergy con di -
tions (e.g., Flügel, 2004; Bádenas and Aurell, 2010). With the
shallowing of the plat form, the sed i ment be came dom i nated by
type-3 ooids pro duced in the foreshoal en vi ron ment un der in -
ter mit tent high-en ergy con di tions.

CONCLUSIONS

The sed i men tary suc ces sion of the Sokolica Rock mas sive
lime stone from Bêdkowska Val ley rep re sents the larg est ex am -
ple of an Up per Oxfordian reef lo cated in the south ern part of
the Kraków–Czêstochowa Up land. This reef rep re sents the
max i mum de vel op ment of Up per Ju ras sic reefs in the Pol ish

sec tor of the north ern Tethys shelf, cor re spond ing to the up per
Transversarium and Bifurcatus zones. It is fol lowed by drown -
ing of the car bon ate plat form in the lower Bimmamatum Zone,
ex pressed by bed ded marly lime stones and marls.

The reef suc ces sion com prises three types of fa cies, in
which eight most im por tant microfacies types were
distingushed. Their ver ti cal suc ces sion doc u ments sev eral de -
vel op men tal stages in di cat ing cy clic changes of the
depositional en vi ron ment of the Up per Oxfordian reefs cor re -
spond ing to sea level changes in the Pol ish part of the broad,
ramp-type car bon ate plat form. The mid-ramp, mainly mi cro -
bial-sponge frame-reefs rep re sent a transgressive, mo not o -
nous depositional se quence. Thick nesses of the mi cro -
bial-sponge fa cies (STA) vary from sev eral to a dozen metres.
At the ini tial growth stage, the car bon ate build ups were
metre-scale, sponge-mi cro bial spaced and clus ter reefs, which
evolved into mi cro bial-sponge filled-frame reefs with a well-de -
vel oped rigid frame work. On the ramp, the car bon ate build ups
com posed mainly of mi cro bial-sponge fa cies formed broad but
rather low-re lief reef com plexes. The mo not o nous but in tense
growth of mi cro bial-sponge fa cies proceded un der rel a tively
sta ble en vi ron men tal con di tions re lated to re duced
allochthonous de po si tion prob a bly con trolled by sea level rise.

The mi cro bial-Crescentiella-ooid and ooid-intraclast-bio -
clast fa cies (STB) form nu mer ous mid-in ner ramp dm-scale
sed i men tary suc ces sions cor re spond ing to higher-or der sea
level changes. This stage of reef evo lu tion was dom i nated by
non-skel e tal grains, mainly ooids, oncoids, ag gre gate grains,
bioclasts and intraclasts. The non-skel e tal grains were sta bi -
lized by microbialites and were sub jected to early ce men ta tion,
which cre ated the grain-dom i nated, non-skel e tal grain-mi cro -
bial ce ment-sup ported reefs.
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