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Ab stract: A com par a tive sedimentological anal y sis of the Up per Ju ras sic–Lower Cre ta ceous de pos its car ried out
on drill-cores from the south ern part of the Carpathian Foredeep al lowed us to dis tin guish thir teen main micro-
facies types. The re sults of microfacies anal y ses and strati graphi cal data made it pos si ble to pro pose a lithological
sub di vi sion of the south ern part of the Up per Ju ras sic and Lower Cre ta ceous sed i ments of the Carpathian Foredeep 
base ment be tween Kraków and Rzeszów. In the ana lysed wells, three main sed i men tary com plexes were dis tin -
guished, em brac ing the fol low ing in ter vals: (i) Callovian–Oxfordian, (ii) Kimmeridgian and (iii) Tithonian–
Berriasian–Valanginian. The Oxfordian, Kimmeridgian and Tithonian de pos its rep re sent the outer – mid homo-
clinal ramp fa cies, whereas the Berriasian and Valanginian de pos its be long to the in ner homoclinal ramp fa cies.

Com plexes of mi cro bial-sponge reefs, with a dis tinct re lief, could be rec og nised in the Up per Oxfordian
sed i ments only. The de vel op ment of these build ups took place in a ba sin typ i fied by di ver si fied mor phol ogy,
de ter mined by the block-type struc ture of the Palaeozoic base ment and synsedimentary tec ton ics, which brought
about sub stan tial vari abil ity in thick ness of the Oxfordian sed i ments. At the end of the Oxfordian, large com plexes 
of the reef fa cies were re placed mainly by mi cro bial-sponge and mi cro bial-coral biostromes de vel oped dur ing the
Kimmeridgian and Tithonian. In the prin ci pal part of the stud ied area (ex cept the west ern part of the de scribed
frag ment of the Carpathian Foredeep; Kraków area) dur ing the Kimmeridgian, Tithonian, Berriasian and Valangi-
nian, sed i men ta tion oc curred in a ba sin typ i fied by ho mo ge neous mor phol ogy, which re sulted in a wide ex tent and 
com pa ra ble thick nesses of the dis tin guished fa cies types.

In the stud ied sec tions, in di ca tions of par tial or com plete dolomitization were ob served in a large part of the
sed i ments. Four gen er a tions of do lo mite doc u ment a com plex diagenetic his tory with mul ti ple ep i sodes of
do lo mite for ma tion: from early diagenetic en vi ron ment to late burial con di tions.

Key words: fa cies, microfacies, dolomitization, Up per Ju ras sic, Lower Cre ta ceous, Carpathian Foredeep base -
ment, south ern Po land.
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IN TRO DUC TION

In the Pol ish part of the Carpathian Foredeep base ment, 
be tween Kraków and Rzeszów (Fig. 1), the Me so zoic sed i -
ments form three com plexes rep re sented by the: (i) Tri as sic, 
(ii) Mid dle Ju ras sic–Lower Cre ta ceous, and (iii) Up per Cre -
ta ceous strata. Since de cades, the stud ies of the Me so zoic
sed i ments have been mostly in clined to wards the ques tions
of pe tro leum in dus try (e.g., Karnkowski, 1999; Gliniak et
al., 2005; Gutowski et al., 2006; Kotarba et al., 2011). The

re sults of these in ves ti ga tions have been pre sented in nu -
mer ous pub li ca tions as well as un pub lished re ports. They
fragmentarily doc u ment the geo log i cal struc ture and the de -
vel op ment of ideas about the li thol ogy and stra tig ra phy of
the Me so zoic sed i ments in the Carpathian Foredeep. Long-
term re searches al lowed for dis tin guish ing sed i ments of the
Oxfordian, Kimmeridgian, Tithonian, Berriasian, Valangi-
nian, and Hauterivian age (Fig. 2; e.g., Morycowa & Moryc, 



1976; Golonka, 1978; Król, 2004; Gutowski et al., 2007;
Matyja, 2009; Urbaniec et al., 2010). De tailed microfacies
anal y ses were pub lished only rarely and most of ten they
con cerned wells, in which the cor ing fre quency al lowed for
pre cise microfacies ob ser va tion, par tic u larly of the Lower
Cre ta ceous de pos its (Zdanowski et al., 2001; Gutowski et
al., 2007). In ef fect, in spite of extensive lit er a ture, the gen -
eral out line of the fa cies de vel op ment and stra tig ra phy of
the Carpathian Foredeep base ment is of ten non-co he sive
(Fig. 2).

The main goal of sedimentological stud ies, the re sults
of which are pre sented in this pa per, is the char ac ter iza tion
of fa cies and microfacies types and the diagenetic pro -
cesses, par tic u larly dolomitization, of the Up per Ju ras sic

and Lower Cre ta ceous sed i ments from the south ern part of
the Carpathian Foredeep base ment. On such a base, some
or der ing and gen eral char ac ter is tics of the li thol ogy was at -
tempted.

GEO LOG I CAL SET TING

The Carpathian Foredeep ba sin was formed ba si cally in 
the Neo gene (e.g., Oszczypko, 2006); how ever, older,
Palaeozoic and Me so zoic tec tonic evo lu tion of the base -
ment ex erted an im por tant con trol as well (e.g., Krajewski
& Matyszkiewicz, 2004; Gutowski et al., 2006; Matyszkie-
wicz & Olszewska, 2007; Bu³a & Habryn, 2010, 2011;
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Fig. 1. Lo ca tion of the stud ied area and in ves ti gated wells. The north ern bor der of the Carpathian Foredeep is out lined by the ex tent of
ma rine Mio cene strata



Jachowicz-Zdanowska, 2011). The south ern bor der of this
ba sin is marked by the Carpathian fron tal thrust, the north -
ern one is out lined by the ex tent of ma rine Mid dle Mio cene
strata. The Pol ish part of the Carpathian Foredeep ba sin is
about 300 km long, whereas its width var ies from a dozen or 
so kilo metres near Kraków, up to about 100 km in the vi cin -
ity of Rzeszów (Fig. 1). Its base ment is built up by the epi-
Variscan plat form and the Perm ian–Me so zoic cover. The
Me so zoic sed i ments ap pear in the foredeep base ment in two 
zones, sep a rated by the Lower San Horst Struc ture. These
are: the west ern zone, ex tend ing be tween Kraków and Rop-
czyce (Fig. 1), and the east ern zone in the area of Luba-
czów. These zones dif fer in their fa cies de vel op ment, sed i -
ment thick ness, pro file com plete ness, and also in the struc -
tural plan of the Me so zoic de pos its.

The old est Me so zoic sed i ments in the study area be long 
to the Tri as sic. The old est Tri as sic strata are rep re sented by
a thick terrigenous and car bon ate com plex, which is pre -
served in the form of rel a tively fre quent patches (Moryc,
2006; Bu³a & Habryn, 2008).

In the study area, Mid dle Ju ras sic (Up per Bajocian–
Callovian) sed i ments are rep re sented by sand stone and
clay-silty sed i ments with abun dant plant de tri tus, bear ing
also car bon ate in ter ca la tions in the up per part of the sec tion
(Moryc, 2006). The to tal thick ness of the Mid dle Ju ras sic
de pos its usu ally var ies from a dozen or so up to sev eral
dozen metres, ex ceed ing 100 m in a few wells only.

Upon the Mid dle Ju ras sic or Tri as sic and Palaeozoic
de pos its, a thick com plex of the Up per Ju ras sic–Lower Cre -
ta ceous car bon ate sed i ments oc curs. At pres ent, due to ero -
sional cut, the state of pres er va tion of these strata is di ver si -
fied. In the vi cin ity of Kraków, this com plex is about 300 m
thick, while in the Rzeszów area its thick ness amounts to
even 1,300 m. The in ves ti ga tions con ducted for years per -
mit ted to dis tin guish Oxfordian, Kimmeridgian, Tithonian,
Berriasian, Valanginian and Hauterivian sed i ments, which
are sub di vided into nu mer ous in for mal lithostratigraphic
units. Re cently, new Up per Ju ras sic (Matyja & Barski,
2007; al ter na tively Gutowski et al., 2007) and Lower Cre ta -
ceous (Urbaniec et al., 2010) lithostratigraphic sub di vi sions 
have been pre sented (Fig. 2).

The Up per Cre ta ceous com plex be gins with the Ceno-
manian glauconitic sand stones (Heller & Moryc, 1984;
Moryc, 2006). The thick ness of these sed i ments amounts to
ca. 150 m. The Turonian–Maastrichtian is rep re sented by
sandy and marly lime stones and marls. The pres ent thick -
nesses and de vel op ment of the Tri as sic, Mid dle Ju ras sic–
Lower Cre ta ceous and Up per Cre ta ceous com plexes are de -
ter mined by the pre-Ju ras sic (Late Tri as sic) and Palaeogene
ero sion, as well as polyphase, mainly Cre ta ceous/Palaeo-
gene block tec ton ics.

METH ODS AND SCOPE
OF IN VES TI GA TION

The ba sic re search method was the anal y sis of cores
drilled within the south ern part of the Carpathian Foredeep,
be tween Kraków and Rzeszów. The de tailed microfacies
anal y sis was car ried out for the fol low ing, se lected wells:

Dêbica 10k, Dêbica 11, Gawrzy³owa 3, Góra Ropczycka
1k, Grobla E1, S1, W1, Nawsie 1, Pilzno 40, Rajbrot 1,
Ropczyce 7, Zagorzyce 6, 7, and Zawada 8k (Fig. 1). The
most com plete well sec tions are pre sented in Fig. 3. On ac -
count of di ver si fied fre quency of the cor ing, some geo phys -
i cal data (well logs) were ex am ined, mak ing it pos si ble to
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Fig. 2. Over view of the Up per Ju ras sic–Lower Cre ta ceous
lithostrati graphic sub di vi sions of the Carpathian Foredeep base -
ment



de ter mine ap prox i mately the ex tent of par tic u lar litholo-
gical com plexes in in di vid ual wells. Part of the ex am i na tion 
was made on cores drilled from wells, which were pre sented 
in ear lier pub li ca tions (wells: Nawsie 1, Pilzno 40, Zago-
rzyce 6, 7; e.g., Zdanowski et al., 2001). In ad di tion, the
char ac ter is tic of fa cies ex tent was also based on abun dant
pub lished data (Morycowa & Moryc, 1976; Golonka, 1978; 
Zdanowski et al., 2001; Król, 2004; Moryc, 1997, 2006;
Gutowski et al., 2007; Urbaniec et al., 2010). Strati graphi -
cal po si tion of the stud ied wells was de ter mined based on
biostratigraphical stud ies of foraminifers ex am ined in thin
sec tions (Olszewska, 1999, 2004 and un pub lished data).

STRA TIG RA PHY

Oxfordian
The (pre dom i nantly Mid dle) Oxfordian sed i ments oc -

cur in the lower part of wells: Nawsie 1, Pilzno 40, and
Zagorzyce 6. Mod er ately di ver si fied microfossil as sem -
blages are com posed mostly of foraminifera and cal car e ous
cysts of dinoflagellata (calcdinocysts). The age of the en -
coun tered as sem blages is de ter mined by the oc cur rence of
foraminifera: Eomarssonella paraconica Levina, Milia-
mmina olgae Bielecka, Cornuspira eichbergensis Kübler &
Zwingli, Ophthalmidium pseudocarinatum Dain, Spirillina
andreae Bielecka, Spirillina tenuisssima (Gümbel), Paal-
zowella turbinella (Gümbel), Rumanolina seiboldi (Lutze),
Ammobaculites irregularis (Gümbel), Ophthalmidium stru- 
mosum (Gümbel), Ophthalmidium oxfordianum (Deecke),
Siphovalvulina variabilis Septfontaine, and Haghimashella
arcuata (Haeusler). Char ac ter is tic is the per sis tent, some -
times nu mer ous, oc cur rence of rep re sen ta tives of Globuli-
gerina oxfordiana Grigelis sug gest ing an age older than the
Late Oxfordian of the ma jor ity of fau nas. Foraminifera are
ac com pa nied by calcdinocysts: Colomisphaera lapidosa
(Vogler), Comittosphaera czestochowiensis Øehanek, Or-
thopithonella gustafsonii Bolli, and Crustocadosina semi-
radiata (Wan ner). The pres ence of the lat ter spe cies, with
the first oc cur rence con nected with the Late Oxfordian, sug -
gests that the in ves ti gated sec tions reach that age. This sug -
ges tion is sup ported by the pres ence of rare Saccocoma.

Kimmeridgian
The thick ness of sed i ments as signed to the Kimmerid-

gian is rel a tively small. They were stud ied in wells: Nawsie
1, Pilzno 40 and Zagorzyce 6. Microfossil as sem blages
from the above men tioned depth in ter vals are rather poor.
They are com posed of rare rep re sen ta tives of foraminifera,
calcdinocysts, ostracods, bryo zoans, frag ments of green al -
gae Globochaete alpina Lombard, and planktic cri noids of
the ge nus Saccocoma Agassiz.

The Kimmeridgian age of the as sem blage is based on
foraminifera: Textularia depravatiformis Bielecka & Kuz-
netsova, Verneuilinoides kirillae Dain, Mesoendothyra izju- 
miana Dain, Rumanoloculina verbizhiensis (Dulub) and
calcdinocysts Carpistomiosphaera borzai (Nagy), Colomi-
sphaera pieniniensis (Borza), and Colomisphaera lapidosa
(Vogler). Among foraminifers, the pres ence of the long

rang ing spe cies Crescentiella morronensis (Crescenti),
Glomospira variabilis Kübler & Zwingli and Mohlerina
basiliensis (Mohler) is note wor thy.

Tithonian
The Tithonian sed i ments were stud ied in wells: Nawsie

1, Pilzno 40, Zagorzyce 6 and Zagorzyce 7. A typ i cal mi -
crofos sil as sem blage con tained calpionellids, foraminifers,
calcdinocysts and charophyta. The foraminiferal as sem -
blage was com posed, among oth ers, of: Buccicrenata primi- 
tiva BouDagher-Fadel, Charentia evoluta (Gorbatchik), Li-
tuola ? baculiformis Schlagintweit & Gawlick, Verneuilino- 
ides kirillae Dain, Melathrokerion spirialis Gorbatchik, Na- 
utiloculina oolithica Mohler, Paleogaudryina magharaen-
sis Said & Bakarat, Pseudocyclammina lituus (Yokoyama),
Textularia depravatiformis Bielecka & Kuznetsova, Proto-
peneroplis striata Weynschenk, and Siphovalvulina varia-
bilis Septfontaine. Rep re sen ta tives of the fam ily Involuti-
ninae: Andersenolina alpina (Leupold), Andersenolina his-
teri Neagu, Neotrocholina molesta (Gorbatchik) and Ichnu-
sella burlini (Gorbatchik) were com mon. Among fre quent
miliolids, Decussoloculina barbui Neagu, Decussoloculina
mirceai Neagu, Scythiloculina confusa Neagu and Ruma-
noloculina mitchurini (Dain) were re cog nised. Orthostra-
tigraphic calpionellids were rep re sented by the mid dle Ti-
thonian Praetintinopsella andrusovi Borza. The rare calc-
dinocysts as sem blage in cluded Comittosphaera pulla
(Borza), whose first oc cur rence marks the be gin ning of the
Tithonian (Reháková, 2000). Charophyta are rep re sented by 
sec tions of stems of the fam ily Clavatoracea, known pre -
dom i nantly from the Ju ras sic/Cre ta ceous tran si tion.

Lower Cre ta ceous
Sed i ments re lated to the Early Cre ta ceous (Beriassian–

Hauterivian) were stud ied in wells: Nawsie 1, Pilzno 40,
Ropczyce 7, Zagorzyce 6 and Zagorzyce 7.

Foraminiferal as sem blages as signed to the Berriasian
are com posed of: Protomarssonella kummi (Zedler), Proto-
marssonella hechti (Dieni & Massari), Paleotextularia
crimica Gorbtachik, Siphovalvulina variabilis Septfontaine, 
Dobrogelina ovidi Neagu, Haplophragmoides joukovskyi
Charollais, Brönnimann & Zaninetti), Nautiloculina bron-
nimanni Arnaud-Vanneau & Peybernes, Charentia evoluta
(Gorbatchik), Protopeneroplis ultragranulata (Gorba-
tchik), Neotrocholina infragranulata (Noth), and Scythilo-
culina confusa. The in crease in the num ber of spe cies and
spec i mens was ob served also in the calcdinocyst as sem -
blage, con tain ing, among oth ers: Cadosina fusca Wan ner,
Colomisphaera fortis Øehanek, Colomisphaera tenuis
(Nagy), Crustocadosina semiradiata (Wan ner) and Stomio- 
sphaera moluccana Wan ner.

The Valanginian–Hauterivian foraminiferal as sem -
blages com monly con tained: Verneuilinoides neocomiensis
(Majtliuk), Praedorothia praehauteriviana (Moullade),
Meandrospira favrei (Charollais, Brönnimann & Zaninetti), 
Mayncina bulgarica Laugh, Peybernes & Rey, Epistomina
caracolla (Roemer) and Feurtilia frequens Maync. Among
rare calcdinocysts, stratigraphically sig nif i cant Carpisto-
miosphaera valanginiana (Borza) and Stomiosphaera wan-
neri Borza were iden ti fied.
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MICROFACIES DE SCRIP TIONS
AND FA CIES IN TER PRE TA TION

The re sults of microfacies anal y sis of cores pre sented in 
this study, to gether with geo phys i cal data, al lowed us to
pro pose a gen eral lithological out line of the Up per Ju ras sic
and Lower Cre ta ceous strata in the Carpathian Foredeep
base ment. The thin-sec tion anal y ses made it pos si ble to dis -
tin guish thir teen ba sic microfacies types (MF-1–MF-13)
oc cur ring in dif fer ent strati graphical in ter vals (Figs 4–8).
Con sid er able parts or some in ter vals of the ana lysed sec -
tions were sub ject to to tal dolomitization (Figs 9, 10), which 
some times makes rec og ni tion of the pri mary sed i men tary
tex tures im pos si ble. Be low, the most im por tant microfacies
types to gether with their strati graphic po si tions are pre -
sented.

MF-1 Mudstones and bioclastic wackestones (Lower
Oxfordian, Kimmeridgian)

The sed i ments de vel oped as mudstones (Fig. 4A) and
bur rowed bioclastic wackestones (Fig. 4B) con tain: spicu-
les, plank tonic foraminifera, poly chaetes Terebella lapillo-
ides, thin shells of brachi o pods, fil a ments, cal ci fied ra dio-
laria, Saccocoma, and ostracods. Poorly struc tured throm-
bolites and leiolites (cf. Braga et al., 1995) were rarely ob -
served in wackestones, pre sum ably sta bi liz ing the sed i -
ments.

This microfacies was most of ten ob served in marly
lime stones, mainly ap pear ing in the Lower Oxfordian and
Kimmeridgian strata (Fig. 3), where they fre quently form
thin-bed ded marly-cal car e ous al ter na tions. They rep re sent
the deep-wa ter outer homoclinal ramp fa cies. 

MF-2 Peloidal-tuberoid wackestones-float stones
(Oxfordian, Kimmeridgian, Lower Tithonian)

In this microfacies, abun dant peloids and fauna rep re -
sented by nu mer ous tuberoids, frag ments of cal ci fied si li -
ceous sponges, as well as shells of brachi o pods and echi-
noid spines are ob served (Fig. 4C). The sed i ment is some -
times sta bi lized by lay ered leiolites or poorly struc tured
thrombolites. Spicules of sponges and other small bioclasts
are also ubiq ui tous. In the pre sented wells, this microfacies
type con tains nu mer ous oncoids. Rel a tively lit tle, el lip ti cal
oncoid forms (<0.2 cm), with poorly leg i ble in ter nal struc -
ture, are most com mon (cf. Dahanayake, 1977). More over,
the sed i ments con sist of ir reg u lar oncoids, which are en -
crusted by serpulids (Fig. 4D) and nu mer ous Crescentiella
morronensis (Fig. 4C).

This microfacies type ap pears in the ex am ined wells in
the Oxfordian, Kimmeridgian and Lower Tithonian bed ded
lime stones. Like MF-1, this microfacies rep re sents the outer 
homoclinal ramp fa cies.

MF-3 Thrombolitic-sponge and mi cro bial-peloidal
boundstones (Up per Oxfordian, Up per Kimmeridgian,
Lower Tithonian)

Sed i ments rep re sent ing the mi cro bial-sponge
microfacies type are char ac ter ized, among oth ers, by a rigid
frame work, doc u mented with nu mer ous geopetal filled
growth cav i ties and the pres ence of microborings (Fig. 4E,

F; cf. Pratt, 1982; Matyszkiewicz, 1997). The ba sic com po -
nents are lay ered thrombolites (cf. Schmid, 1996), which
de vel oped on the sur faces of dish-shaped cal ci fied si li ceous
sponges and in intraskeletal spaces. Peloidal stromatolites
were ob served con sid er ably more rarely, usu ally on the sur -
faces of cal ci fied si li ceous sponges (Fig. 4F). Be sides
thrombolitic-sponge boundstones, lam i nated peloidal bind-
stones are com monly ob served (Fig. 5A), which con sist of
peloids and mi cro bial laminae typ i cal for the car bon ate build -
ups of the so-called mi cro bial-peloid sand-mud mounds
(Koch et al., 1994; Leinfelder et al., 1994).

Boundstones are the dom i nant microfacies in the
strongly lithified, mas sive lime stones rep re sent ing the so-
called mi cro bial-sponge (Fig. 4E, 5C) and mi cro bial fa cies
(Fig. 5B), form ing bioherms, reef com plexes or thick-lay -
ered biostrome lime stones known from many set tings in Eu -
rope (e.g., Leinfelder et al., 1994, 1996; Matyszkiewicz,
1997). This microfacies type was most of ten ob served in
mas sive lime stones of the Up per Oxfordian, more rarely in
the Kimmeridgian marly com plex and in the in ter vals rep re -
sent ing the Lower Tithonian (Fig. 3). In the Oxfordian and
Kimmeridgian, the thrombolitic-sponge mas sive lime stone
fa cies are usu ally lim ited lat er ally and in the ver ti cal sec tion
by the fa cies of pelitic, de tri tal, or marly lime stones (MF-1,
2). In the Tithonian, thrombolitic-sponge fa cies passes up -
wards into the fa cies bear ing abun dant cor als and cal car e -
ous sponges. The mi cro bial-sponge reef fa cies rep re sents
the outer-mid homoclinal ramp en vi ronments.

MF-4 Mi cro bial-Crescentiella boundstones (Up per
Oxfordian, Lower Tithonian)

This microfacies con tains abun dant de tri tal ma te rial
bound by microbialites with ubiq ui tous frag ments of Cres-
centiella morronensis (for mer Tubiphytes morronensis –
Senowbari-Daryan et al., 2008; Fig. 5D). The Crescentiella
morronensis in cor po rated fine bioclasts and peloids. The
most of ten ob served grain com po nents are small intraclasts,
peloids, frag ments of brachi o pod shells, echinoderms, si li -
ceous sponges and cor als. The interskeletal spaces are com -
monly filled with the sparite ce ment. Mas sive ac cu mu la -
tions of Crescentiella morronensis form some times the
so-called microframework doc u mented by geopetal filled
growth cav i ties with in ter nal sed i ment (cf. Flügel, 2004;
Krajewski, 2008; Schlagintweit & Gawlick, 2008).

This microfacies type lime stones rep re sents the so-
called Tubiphytes reefs (e.g., Matyszkiewicz, 1997; Kra-
jewski, 2000), typ i cal for the up per parts of large com plexes 
of the car bon ate build ups, which are mainly rep re sented by
mi cro bial-sponge reef fa cies oc cur ring in mid ramp en vi -
ron ments. In the study area, such build ups are char ac ter is tic
for the Up per Oxfordian and Lower Tithonian.

MF-5 Coral-sponge-mi cro bial boundstones and
float stones (Tithonian)

The coral-sponge float stones are mainly formed by
platy cor als of di ver si fied sizes, as well as by sponges and
bioclasts. Amongst the cor als, a rel a tively poor as so ci a tion
has been re cog nised, rep re sented mainly by Montivaltiidae,
Microsolenidae and Stylinidae (cf. Morycowa & Moryc,
1976). In many cases, de ter mi na tion of the cor als was im -
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Fig. 4. Microfacies of the Oxfordian to Lower Tithonian de pos its from the Kraków–Rzeszów Carpathian Foredeep base ment. A –
mudstone with rare thin shells MF-1. This microfacies is most of ten ob served in the deep-wa ter marl/marly lime stone al ter na tions. Grobla
E1 well, in ter val 1,013–1,022 m; B – wackestone with micritized sponge; in micritic ma trix nu mer ous sponge spicules and foraminifers
in clud ing Globuligerina oxfordiana oc cur; the lower part bears ex am ples of Crescentiella morronensis and Terebella lapilloides. Grobla
W1 well, in ter val 558–563 m MF-1; C – sponge float stone with nu mer ous tuberoids in the up per part. Góra Ropczycka 1k well, in ter val
3,149–3,158 m MF-2; D – bioclastic-oncoid wackestone bear ing ir reg u lar oncoids with serpulids (ar rows) and Crescentiella morronensis;
in the up per left part poorly struc tured thrombolite (T) oc curs. Grobla E1 well, in ter val 1,013–1,022 m MF-2; E – mi cro bial-sponge
boundstone with nu mer ous bor ings and growth cav i ties (ar rows) in the lower part, doc u ment ing the pres ence of the rigid frame work. Most 
of them have geopetal in fill ings. In the lower part – Crescentiella (C), in the up per part – pure clot ted thrombolite. Grobla W 1 well, in ter -
val 552–558 m MF-3; F – mi cro bial-sponge boundstone with cal ci fied si li ceous sponge over grown with lay ered thrombolite (ar rowed).
Góra Ropczycka 1k well, in ter val 3,149–3,158 m MF-3
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Fig. 5. Microfacies of the Oxfordian to Lower Tithonian de pos its from the Kraków–Rzeszów Carpathian Foredeep base ment. A –
bindstone, peloidal de pos its in mud mounds are trapped by mi cro bial laminae (ar rows). Grobla W1 well, in ter val 558–563 m MF-3; B –
poorly struc tured thrombolite boundstone. Pilzno 40 well, in ter val 2,860–2,879 m MF-3; C – partly dolomitized thrombolite boundstone
with nu mer ous Terebella lapilloides and geopetal infilled growth cav i ties (ar rows). Grobla S 1 well, in ter val 702–707 m MF-3; D – mi cro -
bial-Crescentiella (C) boundstone rep re sent ing mi cro-frame work, Crescentiella (C) and mi cro bial crusts trap ping fine-bioclastic and
peloidal de pos its, in the lower and up per part micritized rel ics of macrofauna (ar rowed). Nawsie 1 well, in ter val 3,335–3,340 m MF-4; E – 
coral (C), sponge (Sp) boundstone with nu mer ous bor ings (ar rows), in the lower left cor ner bor ing is geopetal filled with in ter nal sed i -
ment. Zawada 8k well, in ter val 2,686–2,695 m MF-5; F – coral-mi cro bial boundstone with thin bor ing sponge Entobia (ar rowed); in the
up per part thrombolites, in the right lower part fine peloid sed i ments. Pilzno 40 well, in ter val 2,409–2,412 m MF-5



pos si ble be cause of to tal recrystallization of their skel e tons,
which ob scured the in ter nal struc tures. More over, con sid er -
able part of the sed i ments as signed to this microfacies type
was sub ject to dolomitization, dedolomitization, and recrys- 
tallization pro cesses, so the fa cies ex tent was as sessed on the
ba sis of geo phys i cal logs. The cor als are com monly ac com -
pa nied by cal car e ous sponges. Intraskeletal spaces are gen er -
ally filled with grains, par tic u larly bioclasts or lime mud.

The coral-sponge-mi cro bial boundstones are mainly
cre ated by recrystallized cor als and cal car e ous sponges and
thrombolites (Fig. 5E, F). Sed i ment bound by microbialites
was sub ject to early lithification form ing a rigid frame work, 
doc u mented by the pres ence of growth cav i ties and bor ings. 
In most cases, the recrystallization hin ders the iden ti fi ca tion 
of the fauna. Like in the case of the coral-sponge float stone
fa cies, Microsolenidae are pre dom i nat ing. Some times, on
sur faces of the cor als and sponges, thin mi cro or gan isms are
ob served rep re sent ing prob a bly the bor ing sponges (ichno-
ge nus Entobia Bronn; Fig. 5F; cf. Schlagintweit, 2010). It is 
pos si ble that many of these forms, fre quently de scribed
from Me so zoic sed i ments of the Carpathian Foredeep base -
ment, were for merly in cor rectly iden ti fied as Lithocodium
aggregatum. It should be noted, how ever, that in the study
area these forms ap pear to gether with cor als and sponges
con sid er ably more rarely than in other ar eas of ap pear ance
of the coral fa cies (e.g., Helm & Schülke, 1998; Dupraz &
Strasser, 1999; Roniewicz, 2008). In the up per part of the
in ter val bear ing abun dant cor als, both in the bed ded and
mas sive lime stones, be side cor als and sponges the grains in -
clude nu mer ous ooids, gas tro pods, echinoids, bi valves,
Crescentiella morronensis, and algae.

In the stud ied wells, this microfacies is typ i cal for the
Tithonian (Fig. 3). The in spec tion of the drill cores and the
microfacies anal y sis in di cate that coral-mi cro bial-sponge
boundstones formed thin mas sive lime stones rep re sent ing
biostromes or rel a tively small patch-reefs facies.

Poor tax o nom i cal di ver si fi ca tion of cor als, as well as
scarce pres ence of mi cro or gan isms typ i cal for shal low wa -
ter coral reef fa cies point to de po si tion of this sed i ment in an 
en vi ron ment shal lower than that of the mi cro bial-sponge fa -
cies, prob a bly within the mid-inner homoclinal ramp.

MF-6 Intraclastic-bioclastic grainstones-rudstones
(Up per Oxfordian, Tithonian)

This microfacies is char ac ter ized by abun dant intra-
clasts, bioclasts, in clud ing tuberoids, brachi o pods, echino-
derms, bi valves, frag ments of cal car e ous sponges, cor als
and Crescentiella morronensis (Fig. 6C) and also, in the
Up per Tithonian–Lower Berriasian, by ooids and cortoids
(Fig. 6B, D). Poor sort ing of grains pre dom i nates in most
cases. Lo cally, the grain com po nents are sta bi lized by
leiolites.

Intraclastic-bioclastic grainstones were mainly ob -
served in the in ter vals with mas sive fa cies, rep re sent ing reef 
com plexes, biostromes and patch-reefs oc cur ring mainly in
the Up per Oxfordian (M-3) and Tithonian (M-5). This
microfacies cor re sponds to peri-reefal de pos its of mi cro -
bial-sponge, mi cro bial-Crescentiella or mi cro bial-coral-
sponge reefs fa cies typ i cal for the mid-homoclinal ramp
environments.

MF-7 Peloid wackestones-float stones, mi cro bial
bindstones and mudstones (Berriasian)

This type is rep re sented by sev eral microfacies va ri et -
ies. They are built of nu mer ous small laminae of mudstones, 
peloidal stromatolites, micrite stromatolites (cf. Schmid,
1996), and peloidal wackestones with abun dant bi valves
(Fig. 7A) and float stones with gas tro pods, (Fig. 7B), al gae
Clypeina sp., Salpingoporella sp., Actinoporella sp. and
foraminifera. Ubiq ui tous are crab cop ro lites rep re sented by
Favreina sp. (Fig. 6E). Small cav erns, rep re sent ing fene-
stral struc tures and rhizolithes, could be com monly ob -
served in mi cro bial bindstones and mudstones (Fig. 6F).

This microfacies could be ob served ex clu sively in the
Lower Berriasian. It rep re sents shal low subtidal and inter-
tidal fa cies of the in ner homoclinal ramp.

MF-8 Porostromate cyanobacteria-al gal-peloidal
rudstones-bindstones (Berriasian)

Ba sic com po nents of the microfacies are skel e tal
porostromate fil a men tous cyanobacteria rep re sented mainly 
by Cayeuxia, foraminifera, al gae, gas tro pods, ag gre gate
grains and peloids, which are in most cases bound by mi cro- 
bialites (Fig. 7C–E). There oc cur nu mer ous small fenestral
cav i ties and ir reg u lar voids, filled by sev eral gen er a tions of
ce ments rep re sented by blocky, isopachous and drusy ce -
ments, doc u ment ing the late diagenetic con di tions, as well
as me nis cus ce ments point ing to subaerial up lift dur ing the
early diagenesis. Fenestral struc tures and cav erns filled with 
crys tal silt are also com mon.

This Berriasian microfacies type rep re sents the low-en -
ergy in ner homoclinal ramp fa cies within a re stricted en vi -
ron ment. In the stud ied wells, this type of microfacies oc -
curs in sim i lar in ter vals as MF-7 and rep re sents a shallow -
ing-up ward sequence.

MF-9 Charophyta wackestones-mi cro bial bindstones
(Berriasian)

This microfacies type is com posed of wackestones with 
bioclasts rep re sented by frag ments of Clavator sp. (Charo-
phyta), thin-shell bi valves, peloids and gas tro pods. Lo cally
a mi cro bial crust can be ob served in this sed i ment (Fig. 7F).

The above de scribed microfacies type oc curs most of -
ten in the same in ter vals as MF-8, rep re sent ing Berriasian
de posit. Mo not o nous char ac ter of the sed i ment, the pres -
ence of Charophyta as well as lack of typ i cal ma rine fauna
point to the brack ish la goon or lacustrine facies.

MF-10 Ooid-bioclastic grainstones (Up per Tithonian and 
Valanginian)

Pre dom i nat ing ooids, cortoids, bi valves, gas tro pods
and echinoderms are ob served in this fa cies (Fig. 8C). In
most cases, the in ter val with ooids be gins with char ac ter is -
tic grainstones, mostly built of bi valves and oys ters (Fig.
8B; Zdanowski et al., 2001). The ooidal microfacies, rare in
the stud ied wells, form ir reg u lar ho ri zons in the Up per
Tithonian strata. Only at the top of the Lower Cre ta ceous
se quence, rep re sented by the Valanginian sed i ments, ooidal
com plexes of higher thick nesses were ob served (Fig. 3).
More over, this microfacies con tained nu mer ous vadoids
and cav erns filled with vadose crys tal silt. In the stud ied
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Fig. 6. Microfacies of the Tithonian to Lower Berriasian de pos its from the Kraków–Rzeszów Carpathian Foredeep base ment. A – platy 
coral-bioclastic float stone; the interskeletal spaces are filled by fine peloidal and bioclastic detrical sed i ment. Pilzno 40 well, in ter val
2,409–2,412 m MF-5; B – coral-bioclastic grainstone-packstone, among grains nu mer ous intraclasts oc cur, Crescentiella morronensis and 
bioclasts are ob served as well. Nawsie 1 well, in ter val 3,365–3,371 m MF-6; C – coral float stone-rudstone with nu mer ous clasts of
recrystalized cor als. Nawsie 1 well, in ter val 3,335–3,340 m MF-6; D – ooid-bioclastic grainstone, in the cen tral part frag ment of partly
recrystallized coral with bor ings, in the lower part geopetal (ar row) filled by small bioclasts and blocky ce ment, in the up per part nu mer -
ous ooids, echinoderms and small bioclasts. Ropczyce 7 well, in ter val 2,700–2,708 m MF-6; E – la goonal coprolite wackestone with
Favreina sp. Zagorzyce 6 well, in ter val 2,824–2,829 m MF-7; F – mi cro bial bindstone with fenestral struc tures and rhizolithes or small
ver ti cal des ic ca tion cracks (ar rows) in di cat ing supratidal part of the peritidal cy cle. Zagorzyce 7 well, in ter val 2,826–2,844 m MF-7
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Fig. 7. Microfacies of the Berriasian de pos its from the Kraków–Rzeszów Carpathian Foredeep base ment. A – bur rowed wackestone
with bi valve shells and foraminifers and geopetal infilled small cav erns. Zagorzyce 6 well, in ter val 2,829–2,838 m MF-7; B – float -
stone-bindstone with recrystallized gas tro pod shells and geopetal infilled bor ings (ar rowed). Zagorzyce 6 well, in ter val 3,040–3,042 m
MF-7; C – rudstone with cal ci fied “porostromate” cyanobacteria (C) and fi brous vadose ce ment (ar rows) and microcrystalline (micritic),
microbially in duced pre cip i ta tion ce ment. Pilzno 40 well, in ter val 2,315–2,317 m MF-8; D – rudstone with “porostromate” cyanobacteria
(C). Pilzno 40 well, in ter val 2,315–2,317 m MF-8; E – coated bioclastic-peloid packstone-rudstone, nu clei of the oncoids con sist of
cyanobacteria (C) and ooids (ar rowed). Zagorzyce 7 well, in ter val 2,826–2,844 m MF-8; F – bioclastic wackestone with frag ments of
charophyte, thin-shelled ostracods (ar rows), in the up per part mi cro bial crusts. Zagorzyce 6 well, in ter val 2,829–2,838 m MF-9



sed i ments, vadoids are usu ally sim i lar to ooids, but have
con sid er ably big ger di men sions (usu ally about 1–2 mm).
They are char ac ter ized by ir reg u lar ity with char ac ter is tic
very densely spaced lam i na tion around the nu cleus (Fig.
8A).

The oc cur rence of this microfacies type is mostly lim -
ited to the Valanginian. The ooidal de pos its rep re sent high-
en ergy in ner homoclinal ramp shoals.

MF-11 Gas tro pod float stones to rudstones (Valanginian)
The sed i ment is com posed of well-pre served shells of

gas tro pods which, in in di vid ual wells, are ob served at dif -
fer ent lev els. Be sides gas tro pods, the grain com po nents
con sist of nu mer ous micritized ooids, cortoids, bi valves and 
foraminifers (Fig. 8D). Geopetal fill ings in side gas tro pod
shells are ob served as well.

Grainstones with gas tro pods and ooids form in sim i lar
en vi ron ments of the in ner plat form high-en ergy shoals like
ooidal fa cies (MF-10), most prob a bly in their back ar eas. In
the stud ied sec tions, a gas tro pod co quina was ob served also
in Berriasian de pos its within the mi cro bial mats (MF-7)
rep re sent ing the tidal flat fa cies (Zdanowski et al., 2001).

MF-12 Bioclastic-bryo zoan grainstones-packstones
(Valanginian)

In the high est parts of some sec tions (Ropczyce 1 and
Zagorzyce 7 wells), within the ooidal fa cies, grainstones
built mainly of bioclasts of cri noids and bryo zoans were en -
coun tered, while ooids were ob served more rarely (Fig. 8E). 
Quartz grains and peloids oc cur in these sed i ments as well.

Bioclastic-bryo zoan grainstones rep re sent the youn gest 
de pos its of the Lower Cre ta ceous in the stud ied area. They
rest di rectly upon ooidal fa cies and rep re sent the in ner plat -
form open-ma rine fa cies in an en vi ron ment of mod er ate en -
ergy, prob a bly con nected with the sea level rise in the
Valanginian.

MF-13 Lithoclastic rudstones-float stones (Berriasian,
Valanginian)

In dif fer ent in ter vals of the Berriasian and Valanginian,
par tic u larly in Zagorzyce 7 well (Fig. 3), char ac ter is tic, par -
tially dolomitized brec cias were ob served, de vel oped in the
form of re sid ual lithoclastic rudstones-float stones (Fig. 8F). 
The ba sic com po nents are sev eral centi metres large sharp-
edged an gu lar lithoclasts.

Dolomitization

At least four gen er a tions of dolomites ap pear in the
stud ied ma te rial: (i) early diagenetic ma trix do lo mite type
A, (ii) early diagenetic ma trix do lo mite type B, (iii) early
burial ma trix do lo mite type C, and (iv) late burial sad dle
dolomite.

The ma trix do lo mite type A (Figs 9A–F, 10A–D) ap -
pears in boundstones as well as in grainstones, packstones
and wackestones in the form of iso lated crys tals, ir reg u larly
dis trib uted in the micritic ma trix or grain com po nents.
Abundant, iso lated do lo mite crys tals form to gether a por-
phyrotopic fab ric (Fig. 9A). This type of do lo mite was also
ob served in zones in be tween leiolites, ac cen tu at ing their

lam i na tion (Fig. 9B), in micrite fill ing inter gra nu lar spaces
in the fenestral grainstones-packstones (Figs 9C, 10B), and
in fill ings of bor ings in coralites (Fig. 9D). The ma trix do lo -
mite type A is de vel oped in the form of euhedral crys tals,
from be low 0.05 mm up to about 1 mm in di am e ter. Lo cally, 
crys tal zon ing is vis i ble, with the crys tal core and out side
parts with out in clu sions. Con cen tra tions of the ma trix do lo -
mite type A ap pear some times in a dense mo saic of the ma -
trix do lo mite type B crys tals (Fig. 10C). The dolomiti-
zation in the form of the ma trix do lo mite type A is se lec tive
and at the pre lim i nary stage it did not touch some grain
com po nents of type Crescentiella morronensis, frag ments
of echinoderms, shells of bi valves, and cal ci fied si li ceous
sponge spicules. Some times the total matrix is dolomiti-
zed, which stresses the granular character of the rock.

The ma trix do lo mite type A is con nected with the ear li -
est stage of dolomitization, prob a bly at the end of the early
diagenesis. Se lec tive re place ment of the ma trix at si mul ta -
neous omis sion of the grain el e ments points out that, at the
be gin ning, the dolomitization pro cess em braced only in -
com pletely lithified parts of the sed i ment. The prob a ble
source of Mg2+ ions could have been pore wa ters, squeezed
out from com pacted bed ded fa cies, which mi grated to wards
the sponge-coral fa cies that were lithified ear lier (cf. a
model of Reinhold, 1998). Lab o ra tory in ves ti ga tions on
me chan i cal com pac tion of sed i ments sim u lat ing with their
grain com po si tion the Up per Ju ras sic, fine-de tri tal, bed ded
lime stones from the Kraków area in di cate that they were
sub ject to com pac tion not lower than about 28% (Kochman, 
2010), which is sim i lar to the re sults of Ricken (1986). Ac -
cord ing to Reinhold (1998), flows of pore wa ters in de pos -
ited car bon ate complexes could have taken place even
within a distance of about 70 km.

The ma trix do lo mite type B, the most com mon va ri ety
of do lo mite, forms a dense mo saic of subhedral to anhedral
do lo mite crys tals (Fig. 10B, E, F). Crys tals of the do lo mite
type B cre ate xenotopic tex ture. Recrystallization rims are
lo cally de vel oped on some grains (Fig. 10F). Spaces filled
with the ma trix do lo mite type B are larger than the thin sec -
tions ana lysed. Oval voids, sev eral milli metres in di am e ter,
which could be ob served in them, pre sum ably formed due
to dis so lu tion of bioclasts or other skel e tal grains. They
correspond to the moldic porosity.

The pres ence of recrystallization rims may sug gest that
this do lo mite type formed due to recrystallization of the ma -
trix do lo mite type A. Sty lo lites pen e trat ing into the ma trix
of the do lo mite type B in di cate that the dolomitization pro -
cess took place be fore the chem i cal compaction stage.

The ma trix do lo mite type C ap pears along stratiform
sty lo lites in zones about sev eral milli metres thick. The do lo -
mite oc curs in the form of subhedral or anhedral crys tals re -
plac ing ma trix along the stratiform sty lo lites (Fig. 10A, B).

Ex plicit re la tion ship of the ma trix do lo mite type C with
the stratiform sty lo lites points out that the dolomitization
oc curred in the shal low burial con di tions. The so lu tions
dolomitizing the lime stones pen e trated along the sty lo lites
(cf. Braithwaite, 1989; Matyszkiewicz, 1994). The pro cess
of dolomitization was pre ceded by the de vel op ment of pres -
sure dis so lu tion, which started at a depth of about 250–300
metres (Schlanger & Douglas, 1974; Gar ri son, 1981), but it
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Fig. 8. Microfacies of the Up per Berriasian–Valanginian de pos its from the Kraków–Rzeszów Carpathian Foredeep base ment. A –
karstified grainstone with nu mer ous ooids, vadoids (ar rowed), in the cen tral part cav ern geopetal filled by vadose in ter nal sed i ment.
Pilzno 40 well, in ter val 2,315–2,317 m MF-10; B – bi valve grainstone with nu mer ous micritized ooids. Zagorzyce 6 well, in ter val
2,810–2,819 m MF-10; C – high-en ergy shoals ooid-cortoid grainstone. Nawsie 1 well, in ter val 3,108–3,111 m MF-10; D – oolitic-gas tro -
pod-bi valve grainstone-rudstone, nu mer ous shells and cav erns are geopetal filled with in ter nal sed i ments and grains (ar rows); the grains
in clude micritized ooids, bi valves and foraminifers. Zagorzyce 6 well, in ter val 2,810–2,819 m MF-11; E – cri noid-bryo zoan packstone.
Ropczyce 7 well, in ter val 2,183–2,186 m MF-12; F – intraclastic brec cia; Pilzno 40 well, in ter val 2,409-2,412 m MF-13
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Fig. 9. Mi cro pho to graphs of dolomitization pro cesses from the Kraków–Rzeszów Carpathian Foredeep base ment. A – mudstone-
wackestone with small, iso lated crys tals of the ma trix do lo mite type A. Zagorzyce 7 well, in ter val 2,826–2,844 m; B – mi cro bial bound-
stone. Microbialites are rep re sented by poorly struc tured thrombolite and lay ered leiolites. Poorly struc tured thrombolite (be low) di vided
from lay ered leiolite, over grow ing it, by a stratiform stylolite. In the lay ered leiolite, abun dant crys tals of the ma trix do lo mite type A de -
vel oped on pre sum able con tact of the lay ered leiolite laminae are vis i ble. At the top, nu mer ous crys tals of the do lo mite type A al most
wholly re place micritic ma trix. Dêbica 10k well, in ter val 3,071–3,079 m; C – fenestral grainstone-packstone built of nu mer ous oval grains 
ce mented with micrite. In places, in which micrite does not wholly fill inter gra nu lar spaces, fenestral struc tures ap pear be ing partly filled with 
sparite car bon ate ce ment. Iso lated crys tals of the ma trix do lo mite type A oc cur in micrite only, be tween grains. Zagorzyce 7 well, in ter val
2,844–2,862 m; D – bor ing in coralite filled with micrite with abun dant crys tals of the ma trix do lo mite type A. Zawada 8k well, in ter val
2,686–2,695 m; E – boundstone with abun dant Crescentiella morronensis. Most of the micritic ma trix is re placed by sev eral gen er a tions of
car bon ate ce ments. Sin gle crys tals of the ma trix do lo mite type A pres ent only in Crescentiella morronensis. Nawsie 1 well, in ter val
3,410–3,419 m; F – packstone with fis sure filled with late diagenetic car bon ate ce ment. Very abun dant zoned crys tals of the ma trix do lo mite
type A ap pear be low the fis sure only; above the fis sure only sin gle, iso lated do lo mite crys tals oc cur. Nawsie 1 well, in ter val 3,281–3,285 m



sub stan tially af fected the car bon ate sed i ments at the depths
ex ceed ing 300 m (Czerniakowski et al., 1984).

The sad dle do lo mite (Fig. 10B), ob served in cracks
filled with blocky cal cite and poikilotopic ce ments and con -
sid ered as late-diagenetic, some times co-oc curs with mi cro- 
quartz. The sad dle do lo mite is de vel oped in the form of
crystals up to about 0.5 mm in di am e ter, with slightly
arched sur faces, ar ranged stepwise and with scarce in clu -
sions. Some times, they grow syntaxially on crys tals of the
matrix dolomite type B.

The sad dle do lo mite is in ter preted as a prod uct of pre -
cip i ta tion from hy dro ther mal, hypersaline so lu tions (Ma-
chel, 1987; Soussi & M’Rabet, 1991; Reinhold, 1998).

DE VEL OP MENT OF THE UP PER
JU RAS SIC–LOWER CRE TA CEOUS

DE POS ITS FROM THE SOUTH ERN PART
OF THE CARPATHIAN FOREDEEP

BASE MENT

In the base ment of the Carpathian Foredeep, the Mid dle 
and Up per Ju ras sic de pos its, to gether with those of the
Berriasian and Valanginian, form one com plex of car bon ate 
sed i ments sep a rated from the un der- and over ly ing ones by
discordances. Al low ing for cer tain sim pli fi ca tion, this com -
plex can be sub di vided into three main se quences: (i) Callo-
vian–Oxfordian, (ii) Kimmeridgian and (iii) Tithonian–
Valanginian (Fig. 11; cf. Kutek, 1994; Gutowski et al.,
2005; Krajewski et al., 2011). On ac count of the sub se quent 
ero sion and fault tec ton ics in par tic u lar ar eas of the Carpa-
thian Foredeep, the thick ness of the Up per Ju ras sic and
Lower Cre ta ceous sed i ments is rel a tively highly di ver si fied. 
In the west ern part of the area, ex clu sively the Oxfordian
and partly Kimmeridgian sed i ments could be en coun tered.
To the east, how ever, a com plete sec tion of the Up per Ju ras -
sic sed i ments ap pears, in clud ing the Tithonian (Fig. 3). The
Up per Ju ras sic sed i ments pass into the Lower Cre ta ceous
ones in the area of Dêbica and Pilzno, and are rep re sented
by the Berriasian and Valanginian (e.g., Fig. 3).

Oxfordian
The lit er a ture ded i cated to the Oxfordian sed i ments in

the Pol ish part of the Carpathian Foredeep base ment is ex -
ten sive (e.g., Morycowa & Moryc, 1976; Golonka, 1978;
Matyszkiewicz, 1989; Olszewska, 1999; Maksym et al.,
2001; Król, 2004; Moryc, 2006; Gutowski et al., 2007;
Matyja, 2009). In the area in ques tion, Oxfordian sed i ments
rest on the Callovian ones, or di rectly upon var i ous com -
plexes of the Tri as sic and Palaeozoic rocks (Figs 3, 11;
Moryc, 2006). These sed i ments are as sessed to reach 800 m
in thick ness, based on the as sump tion that the Oxfordian
con sti tuted the fun da men tal part of the Up per Ju ras sic sed i -
ments in the study area (e.g., Maksym et al., 2001; Król,
2004; Gutowski et al., 2007). How ever, re cent data point
out that the thick ness of the Oxfordian sed i ments is con sid -
er ably lower, amount ing to about 200 m, so the Oxfordian
com plex would be the least thick com plex of the Up per Ju -
ras sic in the Pol ish part of the Carpathian Foredeep
basement (Figs 3, 11; Matyja & Barski, 2007).

In the in ves ti gated wells, con sid er able dif fer ences in
thick nesses of the Oxfordian could be ob served: from 100
m up to 250 m (Fig. 3). This phe nom e non is mostly re lated
to the in ten sive de vel op ment of reef com plexes, and partly
also to dif fer en tial com pac tion of the mas sive and bed ded
fa cies (Matyszkiewicz, 1999; Kochman, 2010). Be tween
Kraków area, where the Oxfordian sed i ments of the Car-
pathian Foredeep are out crop ping, and the east ern part of
the study area, their thick nesses may dif fer by about 150 m
(Fig. 3). Vari able thick ness val ues cor re spond to the fa cies
di ver sity of sed i ments. The data from wells and their an a -
logues from the Kraków Up land al low us to state that the
max i mal sed i ment thick nesses could be ob served in cases of 
dom i na tion of the mas sive fa cies, de vel oped as the mi cro -
bial-sponge and mi cro bial reef com plexes (Figs 3, 11). Con -
sid er ably lower thick ness fig ures were noted in those ar eas,
in which pelitic bed ded fa cies and marly com plexes were
more com mon. In the study area, like in the ad ja cent ones,
the in ten sive de vel op ment of the mas sive fa cies was prob a -
bly con trolled by the di ver si fied mor phol ogy of the Palaeo-
zoic base ment and the synsedimentary tec ton ics (e.g.,
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Fig. 10. Mi cro pho to graphs of dolomitization pro cesses from the Kraków–Rzeszów Carpathian Foredeep base ment. A – mi cro bial
boundstone with lay ered thrombolite (T – at the top); be low wackestone-packstone. In mi cro bial boundstone, iso lated crys tals of the ma -
trix do lo mite type A are vis i ble. In wackestone-packstone, along two hor i zon tally stretch ing stratiform sty lo lites, in ten sive dolomitization
in the form of the ma trix do lo mite type C. Ropczyce 7 well, in ter val 2,374–2,383 m; B – grainstone-packstone with fenestral struc tures.
Along stratiform stylolite (in the mid dle) abun dant crys tals of the ma trix do lo mite type C oc cur. In fenestral grainstone-packstone, on both 
sides of the stylolite vis i ble are iso lated crys tals of the ma trix do lo mite type A, mainly in micrite sur round ing the grains. On the left – fis -
sure in the lime stone filled with the sad dle do lo mite with char ac ter is tic slightly arched, stepwise crys tal edges (ar rowed). Zagorzyce 7
well, in ter val 2,844–2,862 m; C – grainstone. On the mid-left a con tact of two micritized grains with sin gle iso lated crys tals of the ma trix
do lo mite type A is vis i ble. On the left – grain de formed by com pac tion, on the right – the ma trix do lo mite type B re plac ing grainstone. In
not fully dolomitized fields crys tals of the ma trix do lo mite type A are vis i ble. The bor der of the field oc cu pied by the ma trix do lo mite type 
B is marked by a stylolite (ar row). Ropczyce 7 well, in ter val 2,503–2,507 m; D – boundstone in gross part re placed by late burial blocky
and poikilotopic cal cite ce ments. A stratiform stylolite crosses through the mid dle. In the boundstone frag ments not re placed by the late
burial ce ments iso lated zoned crys tals of the ma trix do lo mite type A oc cur. Zagorzyce 7 well, in ter val 2,844–2,862 m; E – ma trix do lo -
mite type B (at the top) sep a rated from mudstone (be low) by a stylolite. Cut ting of the ma trix do lo mite type B crys tals by the stylolite in di -
cates that this type of dolomitization took place be fore for ma tion of the sty lo lites. Dêbica 10k well, in ter val 2,571–2,572 m; F – ma trix
do lo mite type B con sist ing of crys tals form ing xenotopic mo saic. Crys tal core with abun dant in clu sions lo cally sur rounded with rim de -
void of in clu sions, formed through recrystallization (ar row). Zagorzyce well 7, in ter val 2,844–2,862 m



Kutek, 1994; Matyszkiewicz, 1997; Krajewski & Matysz-
kiewicz, 2004, 2009; Matyszkiewicz et al., 2006a, b; Z³on-
kiewicz, 2006; Olchowy, 2011).

The Oxfordian sed i men tary se quence be gins with a
com plex of marly lime stones, the thick ness of which usu -
ally does not ex ceed sev eral metres (Fig. 3; e.g., D¿u³yñski,
1952; Morycowa & Moryc, 1976; Golonka, 1978; Matysz-
kiewicz, 1997). This com plex rep re sents the outer homo-
clinal ramp fa cies (open shelf; cf. Burchette & Wright,
1992; Flügel, 2004). In some of the wells, the marly in ter -

vals were not cored, but their pres ence could be de duced
from geo phys i cal logs. Most of ten, they form finely bed ded, 
marls – marly lime stones al ter na tions with abun dant spon-
ges. Cal ci fied si li ceous sponges and ammonites are com -
monly ob served in these sed i ments (e.g., Morycowa &
Moryc, 1976; Golonka, 1978; Trammer, 1989; Matyszkie-
wicz, 1997; Król, 2004; Gutowski et al., 2007). As far as
microfacies are con cerned, bioclastic wackestones, mud-
stones, more rarely packstones with abun dant tuberoids,
foraminifera and brachi o pods are most com mon. The spon-
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ges are al ways ac com pa nied by lay ered thrombolites and
leiolites. The epifauna is also com mon, mostly in the form
of serpulids. Based on the anal ogy with the Kraków area,
the marly fa cies could pre sum ably rep re sent the Lower and
Mid dle Oxfordian (e.g., D¿u³yñski, 1952; Trammer, 1982;
Matyszkiewicz, 1997).

The marls and marly lime stones are over lain by a com -
plex of bed ded and mas sive lime stones, which rep re sent the
mid homoclinal ramp fa cies. The thick ness of this com plex
in Pilzno 40 or Nawsie 1 wells does not ex ceed 100 m,
while in Zagorzyce 6 well it amounts to about 150 m, and in
the area of Grobla well and in the vi cin ity of Kraków it is
ca. 200 m (Fig. 3).

The bed ded lime stone fa cies are mainly rep re sented by
pelitic lime stones, de tri tal, most of ten bioclastic wacke-
stones and packstones with nu mer ous peloids, tuberoids,
spicules, and brachi o pods, and by mi cro bial-sponge bio-
stromes as well. Vari able amounts of re de pos ited de tri tal
grains could be ob served in these sed i ments; com mon intra-
clasts and bioclasts point to the pres ence of el e va tions con -
nected with the de vel op ment of carbonate buildups.

The mas sive lime stone fa cies in lower parts of the
Oxfordian sec tions ap pear ir reg u larly in the form of rather
small mi cro bial-sponge bioherms. Sim i lar bioherms are
known from the Kraków–Czêstochowa Up land (D¿u³yñski, 
1952; Trammer, 1989; Matyszkiewicz, 1997), be ing char ac -
ter ized by an ini tial rigid frame work, as well as mud
mounds, mainly built of de tri tal ma te rial sta bi lized by the
microbialites. In the ex am ined wells, the oc cur rence of
sponge-mi cro bial bioherms is man i fested by hardly ce -

mented lime stones with densely packed sponges within in -
ter vals of pelitic or marly lime stones. Large com plexes of
the mi cro bial-sponge car bon ate build ups in the Carpathian
Foredeep base ment are char ac ter is tic for the Up per Oxfor-
dian (e.g., Gutowski et al., 2007). Sed i ments with rigid
frame works, typ i cal of the car bon ate build ups, were mostly
ob served in wells in the vi cin i ties of Kraków, Tarnów,
Pilzno, and Ropczyce (Figs 3, 11). In other ar eas, larger reef 
struc tures of this type were con firmed by wells and geo -
phys i cal data only oc ca sion ally (Gliniak et al., 2005). Re -
sults of geo phys i cal in ves ti ga tions per mit ted for out lin ing
zones, in which greater com plexes of the car bon ate build -
ups could ap pear. Most of ten they form the NW–SE stretch -
ing belts (Gliniak et al., 2005; Gutowski et al., 2006), like in 
the Kraków–Czêstochowa Up land (Matyszkiewicz et al.,
2006a, b). Based on seis mic data, larger reef bod ies were re -
ported some times from the ar eas of Tarnów, Dêbica, and
Ropczyce (e.g., Gutowski et al., 2007). It should be noted,
how ever, that any in di vid ual mi cro bial-sponge reef bod ies
larger than sev eral dozen metres could not be ob served, nei -
ther in the cores from the stud ied area, nor in the out crops in 
Po land and Ger many, which rep re sent sim i lar lithological
com plexes (e.g., Keupp et al., 1990, 1993; Koch et al.,
1994; Leinfelder et al., 1994; Matyszkiewicz, 1997;
Krajewski, 2000). Such struc tures, most of ten of con sid er -
able lat eral ex tent, are char ac ter ized by rel a tively low
though dis tinct re lief, doc u mented by the pres ence of grav i -
ta tional flow de pos its in their sur round ings. The big gest
struc tures of this type, reach ing the stage that can be best
char ac ter ized as Crescentiella-ce ment reef, dis play com pli -
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Fig. 11. De vel op ment and main fac tors con trol ling the Up per Ju ras sic–Lower Cre ta ceous sed i men ta tion in the Carpathian Foredeep
base ment be tween Kraków and Rzeszów. The Tithonian, Berriasian and Valanginian se quence is rep re sen ta tive for the Tarnów–
Ropczyce area only



cated and het er o ge neous in ter nal struc tures, formed by a
row of small build ups and de tri tal sed i ments (Tubiphytes
reefs; e.g., Matyszkiewicz & Felisiak, 1992; Krajewski,
2000). At pres ent, Crescentiella are as signed more and
more im por tance as the con struc tors dur ing for ma tion of the 
so-called microencruster-ce ment reefs (e.g. Krajewski,
2008; Schlagintweit & Gawlick, 2008; Senowbari-Daryan
et al., 2008). In the drill cores, on ac count of vari able fre -
quency of cor ing, it is less clearly vis i ble and the ex tent of
the build ups is eval u ated on the ba sis of geo phys i cal logs.
In ves ti ga tions of the drill cores and equiv a lent de pos its in
the nat u ral out crops from the Kraków–Czêstochowa Up -
land al low us to sup pose that the com plexes of the so-called
huge sponge-mi cro bial bioherms (e.g., Gutowski et al.,
2007) build, in fact, sys tems of sev eral lev els of mas sive
lime stones. The com plexes rep re sent ing abun dant mi cro -
bial-sponge reefs are sep a rated by bed ded lime stones, rep -
re sent ing de tri tal sed i ments or mi cro bial-sponge biostro-
mes. To gether they cre ate com plexes, which are sev eral
square kilo metres in size and are sep a rated by the ar eas with 
pre dom i nat ing pelitic bed ded lime stones and marly lime -
stones, de vel oped mainly as bioclastic wackestones. These
com plexes could cor re spond to sev eral ranges of the rocks
built up of mas sive lime stone from the Kraków–Czêsto-
chowa Up land (Matyszkiewicz, 2006a, b). At the be gin -
ning, small mi cro bial-sponge build ups pre dom i nated; in a
later phase they passed into the mi cro bial and mi cro bial-
Crescentiella build ups, in which de tri tal sed i ments bound
by microbialites pre vailed (Matyszkiewicz, 1997; Krajew-
ski, 2000). In the vi cin ity of Kraków, such buildups usually
pass laterally and upwards into microbial-sponge biostro-
mes of the thick-bedded limestones (Matyszkiewicz, 1989;
Krajewski, 2001). In spite of irregular, sometimes rare
coring, similar sequences could be observed in the drill
cores studied (Fig. 3).

The anal y sis of sed i men tary se quences, stra tig ra phy,
and microfacies de vel op ment al low us to state that the best
stratotype area for the Oxfordian in the part of the Carpa-
thian Foredeep base ment stretch ing from to Kraków to the
east, that is to the Dêbica and Ropczyce area, is the Kraków
Up land, the south ern part of which be longs tec toni cally to
the Carpathian Foredeep (e.g., D¿u³yñski, 1952; Krokow-
ski, 1984). A higher pro por tion of the mas sive fa cies and
sub ma rine flow de pos its in the Kraków re gion is prob a bly
the only dif fer ence com pared to the Oxfordian sed i ments
from the sur round ings of Tarnów and Ropczyce. In the case
of the Ju ras sic sed i ments of the Carpathian Foredeep from
the vi cin ity of Kraków, in ten sive de vel op ment of the mas -
sive fa cies could be ex plained by the ex is tence of Palaeo-
zoic el e va tions, on which the in ten sive de vel op ment of
bentonic fauna took place, and by synsedimentary tec ton ics, 
in di cated by com monly ap pear ing mass move ment de pos its
and nep tu nian dykes (Krajewski & Matyszkiewicz, 2004,
2009; Matyszkiewicz et al., 2006a, b). The sup posed NW–
SE ori en ta tion of reef struc tures in the study area (Gliniak et 
al., 2005) also points to the block struc ture of the Palaeo-
zoic base ment (cf. Gutowski et al., 2006; Z³onkiewicz,
2006; Bu³a & Habryn, 2008, 2010).

The be gin ning of the marly sed i ment se quence prob a -
bly over laps with the end of the Oxfordian and the be gin -

ning of the Kimmeridgian. Such se quences could be ob -
served in the Kraków area (Matyszkiewicz, 1997; Zió³kow-
ski, 2007; Matyszkiewicz & Olszewska, 2007), in the ar eas
of Tarnów, Dêbica, and Ropczyce (Matyja & Barski, 2007;
Olszewska, unpubl. data), as well as in other ar eas of Eu -
rope (e.g., Keupp et al., 1990; Koch et al., 1994; Óloriz et
al., 2003; Reolid et al., 2005). This, in turn, points to the re -
gional ex tent of the Oxfordian/Kimmeridgian bor der in the
zone of the tran si tion from cal car e ous to cal car e ous-marly
sequences.

Kimmeridgian
The sed i men tary se quence of the Kimmeridgian is

mainly rep re sented by pelitic marly lime stones and marls
(Figs 3, 11). In pre vi ous stud ies, these sed i ments were in -
cluded into the Oxfordian (Morycowa & Moryc, 1976;
Król, 2004; Gutowski et al., 2007). Re cently pub lished data
clearly in di cate a Kimmeridgian age of the marly com plex
(Matyja, 2009) in the study area. The thick ness of this com -
plex may reach up to about 550 m (Nawsie 1 well, depth in -
ter val 3,800–4,350 m); how ever, most of ten it does not ex -
ceed 300–400 m (Figs 3, 11). It is a rel a tively mo not o nous
se ries, char ac ter ized by scarce fauna, mainly foraminifers,
brachi o pods, and si li ceous sponges. As to the microfacies,
bioclastic wackestones and mudstones pre dom i nate. In
some of the wells this com plex con tains lev els with pelitic
lime stones, mainly rep re sented by wackestones with tube-
roids. Biolithites are clearly rarer and oc cur in small mi cro -
bial-sponge build ups, sim i lar to those from the Oxfordian,
though of sig nif i cantly lesser ex tent. The geo phys i cal log
data al low us to sup pose that sev eral such lev els bear ing the
mi cro bial-sponge fa cies could be dis tin guished. In the ma -
jor ity of wells, how ever, these sed i ments were not cored. A
com plex of such lime stones with mi cro bial-sponge bioli-
thites can be ob served, for in stance, in Zagorzyce 6 well, in
the in ter val of 3,650–3,700 m. In the marly-cal car e ous com -
plex of the Kimmeridgian, like in the in ter val em brac ing the 
Lower and Mid dle Oxfordian, a grad ual rise of cal car e ous
de pos its, mainly pelitic ones, with respect to the marly
facies can be observed towards the top.

Tithonian
The Tithonian sed i ments were re cog nised in the east ern 

part of the stud ied area only (Fig. 3). The thick ness of the
Tithonian se quence ex ceeds 500–600 m in those ar eas, in
which the com plete se quence of the Tithonian de pos its was
pre served (the area of Dêbica and Ropczyce; Fig. 3). The
bound ary be tween the Kimmeridgian and Tithonian is not
clearly no tice able, in part as an ef fect of rel a tively rare cor -
ing of the wells and also due to the lack of any sub stan tial
dif fer ences in the lithological de vel op ment. Most prob a bly,
the Kimmeridgian–Tithonian bound ary oc curs within the
up per parts of the marly-cal car e ous com plex (Matyja &
Barski, 2007), char ac ter is tic mainly for the Kimmeridgian.

At first, pelitic, marly lime stones with scarce bioclasts
and tuberoids pre dom i nate. Marly lime stones pass ver ti -
cally into pelitic and de tri tal lime stone fa cies with com mon
sponge frag ments and microbiolites, mainly thrombolites.
At the be gin ning, lime stones with nu mer ous cal ci fied si li -
ceous sponges, tuberoids, bioclasts, and also mi cro bial-
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sponge biolithites can be ob served. This con firms some pre -
vi ous ob ser va tions (Matyja & Barski, 2007), which men -
tioned the pres ence of sponge fa cies be tween the marly
com plex of the Kimmeridgian and coral fa cies of the Titho-
nian in some wells in the Pilzno and Ropczyce area. We re -
cog nised the mi cro bial-sponge fa cies in all stud ied wells, al -
though they did not reach such con sid er able thick nesses as
in the Oxfordian (Fig. 3). 

In the ma jor ity of the stud ied wells, the Tithonian mas -
sive fa cies rep re sent ing car bon ate build ups could be re cog -
nised. At first, mi cro bial-sponge, Crescentiella and de tri tal
fa cies pre dom i nate. They gen er ally formed reefs and bio-
stromes, sim i lar to the ones ob served in the Up per Oxfor-
dian. In nu mer ous wells, coral fa cies ap peared upon the up -
per parts of the mi cro bial-sponge reefs, as well as over the
bed ded fa cies, what can be ex plained by a shallowing. Data
from the wells and the lit er a ture seem to in di cate that the
coral-sponge fa cies oc curred in the stud ied area ap prox i -
mately in the same time. This, in turn, points to a cer tain
uni fi ca tion of the sed i men tary con di tions within the en tire
area and the lack of big ger ir reg u lar i ties of the bot tom re lief, 
which could have caused stron ger fa cies di ver sity of sed i -
ments. The coral-mi cro bial-sponge fa cies did not form big -
ger reef struc tures, but rather lit tle patch-reefs and biostro-
mes, sim i lar to the mi cro bial-sponge ones char ac ter is tic for
the Up per Oxfordian. Most of the in ter vals with com mon
cor als are dom i nated by the de tri tal ma te rial. The mi crofa -
cies anal y sis points to pre dom i na tion of flat cor als of low
tax o nom i cal di ver sity, and cal car e ous sponges. Rel a tively
rare ap pear ance of shal low-wa ter mi cro or gan isms of the as -
so ci a tion Lithocodium aggregatum and Bacinella irregula-
ris, typ i cal of shal low-wa ter oligotrophic con di tions (e.g.,
Dupraz & Strasser, 1999), and low tax o nom i cal di ver sity of
cor als in di cate that they did not de velop in the en vi ron ment
op ti mal for a wider de vel op ment of this group of or gan isms. 
In most cases, Microsolenidae cor als were ob served, typ i cal 
for some what deeper and more trophic sed i men tary en vi -
ron ments (e.g., Morycowa & Roniewicz, 1995; Insalaco,
1996; LathuiliÀre et al., 2005; Roniewicz, 2008). Nu mer ous 
ho ri zons are en tirely de void of typ i cal mi cro or gan isms on
the sur faces of coral and sponge skel e tons. This fun da men -
tally dis tin guishes them from other ar eas, wherefrom sed i -
ments with high tax o nom i cal di ver si fied coral fa cies (e.g.,
Roniewicz, 2008) and a broad spec trum of var i ous typ i cally
reef-form ing or gan isms (e.g., Leinfelder et al., 1996;
Dupraz & Strasser, 1999, 2002; Reolid et al., 2007) were re -
ported. The microfacies anal y sis al lows us to con clude that
the platy coral-sponge-mi cro bial fa cies de vel oped in an en -
vi ron ment sim i lar to that of the mi cro bial- sponge ones,
though prob a bly a lit tle bit shal lower (still be tween nor mal
and storm wave base). These sed i ments rep re sent the mid
homoclinal ramp fa cies. Only in the up per most part of coral
fa cies in ter vals ooids in di cat ing high wa ter en ergy en vi ron -
ment do occur.

Berriasian–Valanginian
A com plex of car bon ate sed i ments of the Lower Cre ta -

ceous was en coun tered in the east ern part of the area only
(Figs 1, 3). In spite of the fact that the Lower Cre ta ceous de -
pos its oc cur lo cally, they be long to one of the best re cog -

nised sed i men tary com plexes in terms of the fa cies and mi -
crofa cies in the Pol ish part of the Carpathian Foredeep base -
ment. This is mainly due to nearly com plete cor ing of some
of the wells and pre cise sedimentological anal y sis (e.g.,
Zdanowski et al., 2001; Gutowski et al., 2007; Urbaniec et
al., 2010). The Lower Cre ta ceous de pos its are about 150 m
thick (Figs 3, 11) and show un usu ally high fa cies and mi -
crofa cies vari abil ity through out the sec tion. Our stud ies
con firmed the pre vi ous con clu sions on the fa cies and mi cro- 
fa cies de vel op ment (cf. Zdanowski et al., 2001).

The Tithonian coral-sponge-mi cro bial fa cies rep re sent -
ing a shallowing-up ward se quence are over lain by de pos its
sim i lar to the Lower Berriasian Purbeckian fa cies, known
from many set tings in Eu rope (e.g., Strasser, 1988; Joa-
chimski, 1994; Flügel, 2004; Krajewski, 2010). The tran si -
tion from sed i men ta tion re lated to the Up per Ju ras sic outer-
mid plat forms to the in ner plat form fa cies may be con nected 
with the fall of the sea level at the end of the Tithonian (e.g.
Haq et al., 1987; Hallam, 2001).

The Lower Cre ta ceous depositional se quence can be di -
vided into two fun da men tal types of fa cies: (i) the peloidal-
mi cro bial-cyanobacteria fa cies (Berriasian), and (ii) the
ooidal-bioclastic fa cies (Valanginian). The Berriasian fa cies 
de vel oped in vary ing ma rine and brack ish in ner ramp en vi -
ron ments. These sed i ments proved to con tain many small
ho ri zons formed by peloid-oncoid packstones, mi cro bial
bindstones, fenestral mudstones, or bioclastic wackestones
with Charophyta, bi valves, gas tro pods, cyanobacteria and
cop ro lites. Such changes cor re spond to mi nor sea level vari -
a tions within the in ter nal plat form, la goon of brack ish char -
ac ter, and intertidal flat, and form a se ries of minor sedi-
mentary sequences in the sections.

Fa cies typ i cal of the ooid-bioclast shoal zones with
vadoids com monly ap pear in the up per most parts of the sec -
tions only, be ing con nected with the transgressive im pulse
in the Valanginian (e.g., Zdanowski et al., 2001). Com -
monly ap pear ing fenestral struc tures, me nis cus ce ments,
vadose crys tal silt and intraclastic brec cia point to an emer -
gence of plat form de pos its. Ooidal fa cies did not form on
ex ten sive bar rier zones, but rather in ar eas of lo cal shallo-
wings. The Berriasian–Valanginian se quence ends with the
shal low-wa ter ooidal-echinoderm-bryo zoan fa cies bear ing
quartz ad mix tures and rep re sents shal low, inner ramp open
marine environments.

CON CLU SIONS

1. Sedimentological in ves ti ga tions al lowed us to dis tin -
guish thir teen microfacies types char ac ter iz ing the outer-
mid and in ner ramp fa cies. To gether with geo phys i cal log
data they per mit ted to es tab lish the pre sum able ex tent of the 
in di vid ual fa cies types in the stud ied sec tions and, to gether
with the ear lier pub lished data, to re fine the gen eral litholo-
gical sec tion of the Up per Ju ras sic and Low est Cre ta ceous
of the Carpathian Foredeep base ment in the area com prised
be tween Kraków and Rzeszów. Cur rently, on ac count of
subse quent ero sion and – mainly – Ter tiary tec ton ics, the
Kimmeridgian, Tithonian, Berriasian and Valanginian sed i -
ments are preserved in the eastern part of the area only.
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2. The microfacies anal y ses make it pos si ble to con -
clude that the Up per Ju ras sic com plex is rep re sented by
three main sed i men tary se quences of dif fer ent thick nesses
and di ver si fied par tic i pa tion of the marly-car bon ate fa cies,
namely: the Oxfordian, Kimmeridgian and Tithonian–
Valanginian ones. The sed i ments of the Oxfordian, Kimme- 
ridgian and Tithonian cor re spond to the outer-mid homo-
clinal ramp fa cies, in which mi cro bial-sponge and mi cro -
bial-coral-sponge fa cies dom i nate. The Tithonian fa cies
pass into in ter nal plat form open/re stricted la goon mostly
peloidal-cyanobacteria, mi cro bial and mudstones fa cies
(Berriasian) and high en ergy ooidal-bioclastic shoals fa cies
(Valanginian). So far, nei ther the in ves ti gated sec tions, nor
the pub lished data on this part of the Carpathian Foredeep
have re vealed any dis tinct area of ap pear ance of the ex ten -
sive ooid or reef barrier, but rather numerous open platform
shoals.

3. In the stud ied part of the Carpathian Foredeep base -
ment, max i mal di ver si fi ca tion of the thick ness in par tic u lar
ar eas took place dur ing the Oxfordian, be ing con nected
with par tic u larly in ten sive de vel op ment of the mi cro bial-
sponge reef com plexes, con trolled by vary ing bot tom re lief
and synsedimentary tec ton ics. The mi cro bial-sponge fa cies
formed ex ten sive reef com plexes, con sist ing of nu mer ous
small build ups, which only oc ca sion ally ex ceeded sev eral
dozen metres in thick ness. Their de vel op ment was par tic u -
larly in ten sive in the west ern part of the stud ied area (Kra-
ków re gion). The drill ing and seis mic data al low us to con -
clude, with a high prob a bil ity, that the ex tent of the mas sive
fa cies, like in the Kraków–Czêstochowa Up land, is re lated
to the main Variscan struc tural trends. At the end of the
Oxfordian, fa cies uni fi ca tion marked its ap pear ance
through out most of the ar eas, and the reef com plexes were
re placed by the biostromes with mi cro bial-sponge fa cies
and then by the mi cro bial-coral fa cies. It is likely that, in
spite of a con sid er able thick ness of the Tithonian com plex,
the coral fa cies did not form larger reef struc tures, but de -
vel oped on a flat bot tom, to gether with de tri tal de pos its
form ing mainly coral-sponge float stones-grainstones and
mi cro bial-coral-sponge biostromes. On ac count of ap pear -
ance of abun dant cor als, these sed i ments were of ten ha bit u -
ally re cog nised as the reef fa cies. How ever, the poorly tax o -
nom i cally diversified assemblage of the coral facies cannot
represent an environment of typical highly-diversified
barrier reefs.

4. Con sid er able parts of the stud ied sec tions, es pe cially
the up per most part of Up per Ju ras sic de pos its, were sub ject
to both dolomitization and dedolomitization pro cesses. Four 
gen er a tions of do lo mite have been dis tin guished. The ma -
trix do lo mite type A rep re sents the ear li est stage of dolomi-
tization, which se lec tively in volved only ma trix and took
place dur ing early diagenesis, be fore the sed i ment be came
com pletely lithified. The sec ond gen er a tion of do lo mite –
ma trix do lo mite type B – formed as a re sult of recrystalli-
zation of the first one be fore the chem i cal com pac tion of the 
sed i ment arose. For ma tion of the ma trix do lo mite type C
was con nected with pres sure dis so lu tion in shal low burial
con di tion. The lat est gen er a tion of do lo mite, sad dle do lo -
mite, is a prod uct of pre cip i ta tion from hydrothermal and
hypersaline solutions during late burial diagenesis.
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